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Urgent war contracts demand more 


PLANT AND MACHINERY 


For the successful prosecution of the war, the need 
for Plant and Machinery is as urgent as the need for 
men. We know of literally hundreds of firms 
engaged upon work of national importance who are 
requiring immediate delivery of Plant of many varying 








Branches 





kinds. You, on the other hand, may have some 


LONDON: SHEFFIELD : GLASGOW : SOUTHAMPTON : 
Wood Lane, W.12 Coborn Works, Tins! Cc St., Pollokshaws Princes Street e ° 
Shepherds Bush 2070 © Atterclife 42033 sLangside 3041-2" Southampton 5671-2 Plant surplus to your requirements. If so, write or 
(6 lines) 
ANSEA: 
BIRMINGHAM : el iggy Prince of Wales Dock telephone our nearest office. 
- a Ses Cobden St., Pendleton Swansea 2168-9 
ts Gees 8 Pendleton 1376-8 ° ° ° ° 
entral saieaiinn BELFAST: We will either purchase outright or, if you prefer, 
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; 12, Grey Street Queen Charlotte Street ueens Quay 
Stanningley Works H aecetns Ag + Mreerig poe St negotiate e saie tor you on a commission Dasis. 
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For centuries, engineers were 
forced to submit to General 
Friction, but now, THANKS TO 


he has to surrender 90% of his 
gains. Hoffmann Bearings are 
ready for fresh fields of 
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A Seven-Day Journal 


New Shipbuilding Plans 


SPEAKING in the House of Commons on Monday, 
March 19th, Mr. Geoffrey Shakespeare, Parliamentary 
and Financial Secretary to the Admiralty, said that 
as a result of the steps which the Government had 
taken since 1939 the potential capacity of our ship- 
yards was not less to-day than was the capacity of 
all our shipyards at the highest peak of shipbuilding 
in the Great War. At the outbreak of the present 
war, the tonnage under construction for the Navy 
was upwards of 900,000 tons, and for the Merchant 
Navy was in the neighbourhood of 750,000 tons. If 
it became apparent, as the war proceeded, that berths 
should be turned over from naval construction to 
construction for merchant shipping that must be 
done. Clearly the Admiralty was the only depart- 
ment which could most easily strike a fair balance 
between the defensive needs of the country, in the 
way of warships, and the needs of merchant ship- 
building. He paid a warm tribute to the part which 
was being played by the union leaders of the trade 
engaged in the industry. Sir James Lithgow and the 
Admiralty had initiated the fullest and most up-to- 
date survey of the existing capacity of all shipyards 
and had arranged for the placing of new orders. At 
present every berth in every shipyard was being used 
to its fullest capacity. Arrangements had been made 
for securing delivery of steel supplies to yards at the 
date when they would be needed, and a similar survey 
had been made with regard to timber. The supply of 
labour was a most important problem, A minimum 
of 20,000 skilled men was needed for the shipyards. 
Since the war started the men employed in the ship- 
building and ship-repairing industry had gone up 
from 90,000 to 131,000. The additional 41,000 men 
had not, however, gone into the building of new 
merchant ships, but mainly into repair work for the 
merchant fleet and the Navy. With regard to the 
opening of new yards, it was considered to be the 
wiser policy to use the existing shipyards to their 
fullest capacity before opening new ones. It was 
intended to achieve the maximum capacity of which 
the yards were capable, subject to the availability of 
labour and materials. In a year’s time it was hoped 
to achieve a rate of building far in advance of the 
annual rate of sinkings to be expected from the enemy. 


Railway Electrification 


THE annual general meeting of the Southern 
Railway Company, was held on Wednesday, 
March 20th, at Southern House, Cannon Street 
Station, London, E.C. Mr. Robert Holland-Martin, 
the chairman of the company, made reference to the 
progress of the company’s electrification schemes. 
During the five years allotted to certain schemes of 
electrification, the railway had electrified, he said, 
267 route miles and 619 track miles, and had built 828 
electric vehicles at a cost of approximately £8,500,000, 
making in July last the total number of Southern 
electrified route miles 709, with 1760 track miles. 
On January Ist, 1939, the lines from Virginia Water 
to Reading, Ascot to Pirbright Junction, and Frimley 
to Guildford, via Aldershot, were brought into use 
and the electrified services had made possible an 
increase of 58 per cent. on the train mileage worked 
on that section. The electrification of the lines from 
Gravesend Central to Maidstone West, Swanley to 
Gillingham, and Otford Junction to Maidstone East, 
which were opened in July last, had given two further 
improved services, from Charing Cross to Maidstone 
West and Victoria to Maidstone East and Gillingham, 
with a resulting increase in the train mileage on 
these sections of 42-7 per cent. The first two months’ 
working of the Chatham and Gillingham electrification 
extension showed an increase of 54,000 passengers 
and £4000 in receipts, an increase of 8 per cent. 
In the whole electrified area, the volume. of traffic 
was 195,000,000 passenger journeys, bringing in 
£6,100,000, an increase of 2-3 per cent. The war 
conditions did not make it possible to give a true 
comparison of the working of 1939 with previous 
years. There had been a decline, owing to war 
conditions, in passenger movements, particularly as 
regards continental traffic and the maritime ports. 
What had taken place at Southampton and Southern 
Railway ports since the war started made a thrilling 
tale but not one that could be told in the national 
interest. 


The Joint Gas and Electricity Committee 


AN interesting statement with regard to the future 
relations between the electricity and gas industries 
is contained in a report which has just been issued by 
the Joint Gas and Electricity Committee. It gives 
details of a wartime truce between the publicity and 
propaganda of the country’s gas and electricity 
undertakings, and presents the case for the exclusion 
of gas and electricity from rationing. This joint 
committee of leading representatives of the two 
industries strongly urges that the activities of each 
industry should be properly co-ordinated and recon- 





ciled with the war-time atmosphere, and that further 
there should be established a National Joint Com- 
mittee to which could be referred all matters of im- 
portance arising in connection with the understanding 
between the two industries, whether nationally or 
regionally. The committee would act nationally in 
so far as might be necessary in all matters connected 
with the drafting or administration of the new Fuel 
and Lighting Order. An account is given of the steps 
taken by the Ministry of Mines to bring together the 
representatives of the two industries, following their 
complaint in October last that the rationing of gas 
and electricity adversely affected the interests of 
both industries and was entirely inimical to a policy 
of coal conservation. Following these representa- 
tions the Joint Gas and Electricity Committee was 
set up, and it has been assured by the Secretary for 
Mines that the Government will collaborate closely 
with the two industries in the drafting of a new Fuel 
and Lighting Order, should it become necessary to 
introduce fuel rationing at some future date. The 
recommendations of the committee include the sug- 
gestion that there should be eliminated from all 
future publicity and propaganda any statement of a 
damaging or disparaging nature, and that in securing 
new business, the activities of each industry should 
be free from statements or suggestions of that kind. 
Closer co-operation, it is suggested, should be en- 
couraged regionally between the representatives of 
the two industries who are engaged in sales and 
publicity work. 


Shipping Policy and Progress 

REPLYING to a Labour motion criticising the 
Ministry of Shipping, Sir John Gilmour, Minister of 
Shipping, recently stated in Parliament that, as a 
result of the announcement of the President of the 
Board of Trade last year, loans and grants were 
made to assist owners to build new tonnage. We 
were in a very much better position with regard to 
tonnage than we otherwise should have been. Loans 
amounting to £4,500,000 had been granted in respect 
to some 55 new vessels. With regard to grants 
he had given careful consideration to the effect of 
war conditions on the original plan, and was in process 
of discussing this matter with the shipowners. He 
agreed that as far as possible the export trade must 
be kept going. It was essential in war time that 
ships should be concentrated regardless of ordinary 
commercial practice, and it was necessary to ensure 
that shipping should only be engaged on voyages 
which had been approved. It had been essential to 
bring into direct trade with the United Kingdom 
vessels which were normally used far afield, in order 
to achieve the volume of imports upon which the 
whole life of the nation depended. He acknowledged 
the very loyal manner in which shipowners had co- 
operated with the Ministry of Shipping. As regards 
the question of the rates of hire, it was desirable that 
rates should be settled by discussion with the ship- 
owners’ representative associations as far as prac- 
ticable. Higher rates than home rates had been 
agreed with neutral owners, and the Government 
regarded them as reasonable bargains which were to 
the advantage of both parties. We were competing 
in the open market and there was a great demand 
all over the world for both tankers and cargo ships. 
As to shipping policy after the war, nobody as yet 
could foresee what would then arise. The circum- 
stances must be faced as they developed. He believed 
that the arrangements which the Government was 
making with the shipbuilding industry would give 
a reasonable chance of security in existing conditions. 


Internal Combustion Engine War Export 
Group 


IMMEDIATELY after the publication of the White 
Paper of the Export Council on March 6th, The 
Internal Combustion Engine Manufacturers’ Associa- 
tion decided to constitute the association as a self- 
governing export group, under the name of the 
Internal Combustion Engine War Export Group, to 
exercise the functions of such a group as outlined in 
the White Paper, so far as relates to internal com- 
bustion engines comprised within the ranges covered 
by the association, and other such ranges (not 
included within the scope of any other war export 
group) which it is desired by the export council 
should be comprised, with the independent chairman 
of the association (Sir Lynden Macassey) as chairman 
and the secretary of the association as secretary. For 
the purpose of representing and acting on behalf of 
the War Export Group and for consultation with the 
export council an executive committee, consisting 
of the following, has been formed: Sir Lynden 
Macassey, chairman; Mr. H. 8S. Aspinall, general 
export manager, English Electric Co., Ltd.; Mr. 
D. M. Denholm, director of Norris Henty and 
Gardners, Ltd.; Mr. Perey Lister, chairman of R. A. 
Lister and Co., Ltd.; Mr. H. B. Riggall, director of 
Ruston Hornsby, Ltd.; and Mr. H. B. V. Teague, 
general sales manager of Crossley Bros., Ltd., and 





director of Crossley-Premier Engines, Ltd. The 
committee has power to co-opt one other member of 
the group who was not a member of the association. 
The action of the association has been approved by 
the export council. The executive committee has 
already begun to consider the various circumstances 
which under present conditions restrict the export 
trade in internal combustion engines, and practical 
suggestions from members of the War Export Group 
have been invited for immediate consideration. The 
association has further appointed an Export Trade 
Materials Committee to investigate and make recom- 
mendations with regard to the difficulty members 
of the association have been experiencing in securing 
a continuous and adequate supply of materials for 
the production of internal combustion engines for the 
export trade. Another committee to deal with 
economy in the use of controlled materials has also 
been formed. The secretary of the association and 
the export group is Mr. Herbert Cowper, 32, Victoria 
Street, Westminster, London, 8. W.1. 


The Road Fund Report 


Ow1nc to war conditions the report on the 
administration of the Road Fund for the year ended 
March 31st, 1939, has been delayed somewhat in its 
completion, and was only published on Monday, 
March 18th. Future work has been drastically 
revised, but the report records a substantial body of 
work actually carried out in the year under review. 
The total length of public roads in Great Britain is 
now over 180,000 miles, of which some 4500 miles are 
trunk roads, 23,000 other class I roads, nearly 18,000 
miles class II roads, and 135,000 miles unclassified 
roads. This year’s increase shows some 900 miles 
on the previous year’s figure being almost wholly in 
classified roads. 'The payments made out of the Road 
Fund totalled some £20,000,000, and included 
£4,345,000 for trunk roads, £15,888,000 in the way 
of grants to highway authorities for other roads, 
£285,000 for police (traffic) expenditure, and £70,000 
for research and experiments. In appendices, par- 
ticulars are given of a number of the larger trunk road 
improvement schemes. Nine by-passes and diver- 
sions, four of which were the subject of Orders in the 
previous year, were opened to traffic during the year. 
For roads other than trunk roads, payments made to 
highway authorities in the year were £15,888,000, as 
above stated, much of this sum being in respect of 
grants made in previous years. The grants made in 
the year under review amounted to £20,629,000. Of 
that figure £7,420,000 was for maintenance and minor 
improvement, £12,489,000 for major improvements 
and new construction, and £719,000 for establishment 
charges of surveyors to local authorities and traffic 
signs, &c. In an appendix, there is a description of 
the work on the Dartford-Purfleet Tunnel, Waterloo 
and other London cross-river bridges, along with 
particulars of important works in other parts of the 
country such as the Coventry and Formby by-passes, 
the Derby Ring Road, and the road covering the 
river Mersey at Stockport. 


Substitutes for Imported Fuels 


In a statement made in the House of Commons 
on Wednesday, March 20th, Mr. Geoffrey Lloyd, the 
Minister of Mines, referred to the effective use of 
home-produced substitutes for imported oil. He 
announced that considering the importance of this 
matter, he had appointed Sir Harold Hartley as 
honorary adviser on the development of home- 
produced fuels, and had asked a number of leading 
representatives of industry, finance, and technical 
science, under the chairmanship of Sir William Bragg, 
the President of the Royal Society, to make a rapid 
survey of the subject in the light of war conditions. 
Within a month that authoritative body completed 
its survey, and on its recommendations the following 
six specific problems were being investigated simul- 
taneously :—(1) The production of oil from coal by 
synthetic processes, under the chairmanship of 
Sir W. Jowitt; (2) the products of low-temperature 
carbonisation, under Lord Henley; (3) the liquid 
products of high-temperature carbonisation, under 
Mr. Davidson Pratt ; (4) alternative fuels for internal 
combustion engines, under Major the Viscount 
Ridley ; (5) the development of the use of colloidal 
fuels, under Mr. Irvine Geddes; and (6) the more 
efficient use of fuel generally, under Sir Clement 
Hindley. Interim reports had been asked for 
wherever possible in order that immediate action 
might be taken. Mr. Lloyd went on to say that he 
had received a report on the recovery of benzol 
which indicated that already additional crude 
benzol was being recovered: at the estimated rate of 
15,000,000 gallons a year, and that an extension of 
voluntary effort should secure a further 12,000,000 
gallons a year. A most valuable survey of our pro- 
duction of creosote and pitch showed that these 
products could take the place of imported fuel oil and 
bitumen to the extent of some 300,000 tons in the 
current year. 
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The Mechanism 


of Magnetisation 


By T. F. WALL, DSc.* 


No. 


II 


(Continued from page 276, March 22nd) 


§6. The Weiss Domain Theory of Magnetisation. 
—The fundamental basis of ferro-magnetism is now 
believed to be found, not in the individual atoms, 
but rather in the definite grouping or ‘‘ domains ”’ 
of atoms as suggested by P. Weiss more than 
thirty years ago,!* when he disclosed his hypothesis 
of “‘ spontaneous magnetisation.’’ In accordance 
with this hypothesis every ferro-magnetic material 
exists in a state of magnetisation to saturation, 
even when there is no externally impressed field 
acting on it. The magnitude of the technical 
saturation intensity J depends essentially on the 
temperature. As the temperature increases the 
saturation intensity decreases and finally dis- 
appears at the so-called ‘‘ Curie point,’’ which, as 
stated in Part I, §4, is 768 deg. Cent. for iron, 


Iron crystallises in cubic body-centred lattice 
form and in Fig. 17 is shown diagrammatically a 
sketch of a single crystal grain of iron in which 
there is an atom at each corner of the cube and one 
in the centre. In recent years methods have been 
devised and developed whereby a large number of 
such grains may be caused to assemble, packed 
closely face to face, so that one large single crystal 
may be caused to grow. Such a large single crystal 
may be used for experimental investigation and 
the results so obtained can be held to apply 
to the case of a single crystal grain as shown in 
Fig. 17. Some sort of idea of the size of the Weiss 
domains may be obtained when it is stated that 
experiments lead to the conclusion that they are of 
linear dimensions of 100 to 10,000 atom diameters. 
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1115 deg. Cent. for cobalt, and 385 deg. Cent. for 
nickel. 

The magnetisation of the substance as a whole 
is, however, not in evidence when the material is 
in the “ unmagnetised ”’ state. In other words, the 
macroscopic magnetisation is not evident because 
the directions of magnetisation of the individual 
domains are equally distributed in all directions, 
so that the resultant magnetisation in any one 
direction can only become evident by the applica- 
tion of a directing force ; that is, by the application 
of a magnetising field. This view of the existence 
and operation of the Weiss domains or groups of 
atoms which are magnetised to saturation, whether 
the substance as a whole is magnetised or not, has 
received powerful support from recent research 
work, although at the time of its formulation 
Weiss himself could not explain on the basis of 
classical physics how the elementary domains 
magnetised to saturation came to be established. 
About ten years ago, however, Heisenberg was 
able satisfactorily to account for the Weiss domain 
theory in the light of his investigations in the realm 
of quantum mechanics." 

Iron and nickel are for many reasons the two 
most illuminating materials for study as a first 
approach to the subject, and some of the more 
important ascertained facts relative to the charac- 
teristic phenomena of these two materials will now 
be considered. 





* Department of Electrical Engineering, Sheffield University. 
13 Jour. de Phys., 1907. 
14 Zeit. f. Phys., 1928, page 619. 


Experiments on such large single crystals have 
shown that magnetisation in the direction of n 
edge of the cube—that is, the so-called (100) 
direction—requires less energy to magnetise it 
to saturation than if the direction of the magnetisa- 
tion is in either of the other principal directions, 
viz., along a diagonal of a face, the so-called (110) 
direction, or the direction along the diagonal of the 
body of the cube—that is, the (111) direction. 

In Fig. 18 are shown the magnetisation curves 
obtained in this way for the (100) direction and 
the (111) direction respectively. The shaded 
area is a measure of the extra energy necessary 
to change the direction of magnetisation from the 
easy direction (100) to the more difficult direction 
(111). This energy can be found by evaluating 
the shaded area, viz.: 


/ H d J=1-6 x 10° ergs per cubic centimetre. 


It is seen from Fig. 18 that whilst the saturation 
intensity of magnetisation for the (100) direction 
is reached with a magnetising force of about 
200 oersted, it requires a magnetising force of 
about 500 oersted to obtain saturation intensity 
of magnetisation in the (111) direction. 

Nickel crystallises in a cubic face-centred lattice 
as is shown in Fig. 19, which represents one atom 
at each corner of the cube and one atom at the 
centre of each face of the cube. In this case the 
(111) direction is the direction of easy magnetisa- 








15 Sixtus and Tonks, Phys. Rev., 1931; Preisach, Phys. Rev., 
1932. 
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tion and the direction (100) the most difficult 
direction. The extra energy which must be supplied 
to change the direction of magnetisation from the 
(111) to the (100) direction is shown by the shaded 
area in Fig. 20, and amounts to about 1-610! 
ergs per cubic centimetre. 

One of the fundamental questions in the elucida- 
tion of the mechanism of magnetisation is to 
account for the fact that the elementary domains 
require a definite externally impressed field to 
align them in parallel directions, and the question 
arises as to how the forces which exist to obstruct 
this alignment are to be accounted for. Ewing 
had attempted to account for these forces and for 
the facts of hysteresis by means of a model built 
up with small compass needles to represent the 
elementary magnets. In this way he was able to 
imitate roughly the magnetisation curve and the 
hysteresis loop, but the model failed to explain 
the facts that the shape of the null magnetisation 
curve and the breadth of the hysteresis loop for 
substances of similar chemical composition could 
be extraordinarily diverse. Innumerable attempts 
to account for such experimental facts on the 
basis of friction, crystal structure, and other 
causes, were formulated, but failed completely 
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to fulfil their purpose. During the last few years, 
however, a flood of new light has been thrown 
on the whole problem, and experiments have shown 
that hysteresis is not a characteristic of the atomic 
arrangement in the space lattice, but is due to 
internal forces in the substance which can be 
originated in widely different ways. 

The fundamental elementary magnet is now 
held to be the spinning electron which has been 
revealed by spectroscopic observations. The 
result of the work of Thomson and Rutherford 
was to show that the atom consists of a heavy 
nucleus with a series of electrons circling round 
the nucleus like planets round the sun, the number 
of such electrons being equal to the atomic number 
and about half the atomic weight. These electrons 
not only rotate round the nucleus like planets 
round the sun, but they also spin on their axes 
like planets. The electrons therefore have mag- 
netic moments due not only to their orbital rota- 
tions, but also to their spins. 

The electrons are grouped in “shells,” and in 
Fig. 21 is shown a diagrammatical representation 
of the supposed constitution of an atom of iron,’® 
in which twenty-six electrons are grouped in four 
shells. The electrons in the outer shells are the 
“valency electrons” and are those which are 
responsible for the ordinary chemical properties of 
the atom. In the shell next to the outside one 
there are fourteen electrons, of which nine have 
positive spins and five have negative spins, s0 
that there are four unbalanced electron spins in 


16 See R. M. Borzoth, Electrical Engineering, November , 1935. 
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this shell. In the next two shells, however, it 
will be seen from Fig. 21, that all the electron 
spins are balanced, so that the atom as a whole 
exhibits four unbalanced electron spins. In the 
nickel atom there are twenty-seven electrons, with 
two unbalanced spins, and in the cobalt atom there 
are twenty-five electrons with three unbalanced 
spins. 

PN ow Heisenberg has shown that in order that a 
substance shall be ferro-magnetic, it is necessary 
not only that the atoms shall exhibit unbalanced 
electron spins, but also that neighbouring atoms 
shall have their unbalanced spins parallel, so that 
they produce an additive effect. This arrange- 
ment of parallelism of the unbalanced spins in 
neighbouring atoms is due to the so-called 
“exchange” forces of an electrostatic nature, 
which are immensely strong. Expressed in 
equivalent oersteds they are so powerful that they 
are able to align the spins of a group of atoms 
forming a domain, whilst if no such exchange 
forces were in existence it would be necessary at 
room temperatures to apply a magnetising force 
of the order of 107 oersteds (see also Part I, § 4). 

§ 7. Magneto-striction in Pure Nickel Magnetised 
to Saturation—The general characteristics of 
magneto-striction in the case of pure nickel have 
already been referred to in Part I, § 5. This effect 
will now be considered in greater detail with special 
reference to the energy involved in magnetising 
nickel to saturation. 

In Fig. 22 is shown the hysteresis half-loop for 
nicke! in the unloaded condition, and also when 
loaded, as specified on the diagram. It will be 
seen that the effect of loading is to cause the loop 
to become steeper and steeper as the load increases, 
and when the load has been increased to 35 kilos. 
per square millimetre—that is, about 21 tons per 
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square inch—the half-loop becomes practically a 
straight line. 

The electro-magnetic energy necessary to mag- 
netise the nickel to saturation increases with the 
load, and is given by the shaded area shown in 
Fig. 23, and its numerical value is obtained by 
evaluating the expression , 


& HdJ=1-9x105 ergs per cubic centimetres 


In Fig. 24a is shown diagrammatically a cube 
of nickel of 1 cm. sides in the unmagnetised state, 
in which the individual Weiss domains are arranged 
in any casual alignment, but on the average the 
magnetisation is zero, because the axes of the 
domains will neutralise each other’s action on a 
large scale of the metal, and consequently no 
resultant magnetisation will be detectable in the 
space surrounding the cube. 

If, now, a magnetising force H, is applied in, 
say, the vertical direction, as shown in Fig. 24, 
so that the cube becomes magnetised to saturation 
in this direction, there will be a decrease in the 
length of the cube in the vertical direction by the 
amount —J /. 

If A, is the contraction per unit length due to 
the magneto-striction effect when the material is 
magnetised to saturation, then A,= ifd and 
since in the present case ]=1 cm., the contraction 
per unit length will be A, cm (see also § 5, Part I). 

It is known from actual measurements that, in 
the case of nickel and also iron, magneto-striction 
effects .produce practically no change in volume, 
so that, in accordance with a well-known result in 
the theory of the strength of materials,!” a con- 
traction of A, cm. in the length will give rise to an 
expansion 4 A, cm. of the breadth of the cube, as 
shown in Fig. 24. 

Now consider the conditions represented in 





Fig. 25, where the unmagnetised cube of nickel is 
again shown for reference in Fig.25a. If a magnetis- 
ing force H, is now applied so as to magnetise the 
cube to saturation in the horizontal direction, it 
will be clear from exactly similar reasoning as was 
applied to the conditions of Fig. 24, that the cube 
will now contract in the horizontal direction (that 
is, in the direction of the magnetising force) by the 
amount A, cm. and will consequently expand in the 
vertical direction by the amount 4A,cm. It 
follows, therefore, that if the cube is first of all 
magnetised in the vertical direction and the direc- 
tion of magnetisation is then turned through 
90 deg. so that the cube becomes magnetised in the 
horizontal direction, there will be a total increase 
of length in the vertical direction of the cube of 
amount 
3 ‘s 
Att W=5 A,cm. . (15) 
§8. Magneto-striction in a Loaded Nickel Rod 
which 1s Magnetised to Saturation.—Consider now 
the case in which a tensile stress is applied 
to the nickel cube and suppose in the first place 
that there is no magnetising field. A tensile stress 
applied in the vertical direction will give rise to a 
corresponding contraction in the horizontal direc- 
tion. But it has already been learnt that 
magnetisation causes contraction in nickel and 
consequently contraction is a favourable condition 
for the Weiss domains to align themselves in the 
direction of the contraction. When the nickel is 
loaded, therefore, with a tensile stress the align- 
ment of the Weiss domains for the unmagnetised 
state, instead of being a purely haphazard one, as 
indicated in Fig. 24a and 25a, will now have a 
definite axis of alignment, viz., that which is at 





~ 
Q 
N 





aN 


™ 
. 4 
o 


s 
NICKEL 


| 


FIG. 25. 


right angles to the direction of the applied tensile 
stress, as is shown in Fig. 26 a. 

The macroscopic magnetisation is still zero, 
but so far as magneto-striction is concerned the 
cube may be considered as being magnetised in the 
horizontal direction. Now let a magnetising field H, 
be applied in a vertical direction so as to magnetise 
the cube to saturation in that direction, then the 
magneto-striction effect will be the same as that 
due to changing the direction of magnetisation 
through 90 deg., as has already been discussed in 
§7; that is, there will be a contraction in the 
vertical direction of 

: A; em. 

In order to produce this contraction work must 
be done against the applied tensile stress o and the 
amount of this work will clearly be 


(3 o r) 0-981 x 10° ergs per cubic centimetre 


when the contraction A, is measured in centimetres 
and the stress in kilogrammes persquare centimetre. 

The energy which is supplied electro-mag- 
netically to magnetise the unit cube to saturation 
has already been expressed as 


| Js Hd J ergs. 
oO 
Equating this to the work done against the stress 


o by the contraction A, cm., as given in expression 
(15), then 

Js 3 
I‘ HdJ=5 
or, writing as in §1, Part I, J=« H, where « is 
the susceptibility, then 
Pnas=["2as 

o (K 


° 


o A, 9-81 x 108 (16) 





18 See also THE ENGINEER, 1938, letters from A, Kussman 





17 See, for example, J. A. Ewing, “‘ Strength of Materials.” 
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that is, 

1 | ee 

2 ba . 5 

3 Is Ps g7s9 81x10 
or, 

2 
K Js (17) 


~ 30 A, 9°81 x 10° 


Actually, the experimental results show that 
the expression (17) holds to a remarkably satis- 
factory degree. 

As has been stated already, nickel contracts 
when magnetised and is«said to have a negative 
magneto-striction effect. The coefficient A, in 
the foregoing expressions refers to the magneto- 
striction effect when the nickel is magnetised to 
saturation. 

§9. The Interpretation of Remanence—An 
explanation of the phenomenon of remanence 
has been advanced by R. Becke!” which is based 
on magneto-striction effects due to internal stresses 
in the material, and which leads to the result that 
when a material has been magnetised to saturation 
the corresponding value of the intensity of the 
remanent magnetisation will be one-half the 
saturation intensity—that is, 


J,=} J. 


An interesting and instructive preliminary 
investigation is the case of a nickel rod which is 
subjected to bending.2° In Fig. 27 a is shown dia- 
grammatically the nickel rod supported at the 
middle and loaded equally at each end. The stress 
in the rod will be tensile in the half which is above 
the neutral axis X Y and compression in the lower 
half. 

In Fig. 27 d is shown a cross section of the rod 








at the middle of the rod. The stress in the element 





ES 
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o oT 
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ab at a height y above the neutral line P Q will be 
given by 
Py=Pmaz ¥/h, 

where pyaz is the maximum stress in the section ; 
that is, the stress at the surface G H and also at 
the surface L N. 

The mean stress p,y], over this mid-section will 
be such that 


h 
Pav], X area (PQGH)=/ pytdy= 


—— 
| Pmac ®t : dY=Pmaz th 
from which it is seen that 


Pav],=4 Pmaz 
Now this mean stress over a cross section will 
vary uniformly with the distance of the cross 
section from the end of the rod, where the stress 
will be zero; that is to say, the mean average 
stress for the whole rod will be 


Pu =} Pav]. =t Pmaz 
When the rod is magnetised to saturation in 
the direction of its length the contraction in length 


, 3 
due to magneto-striction will be 3 A,, as has been 


found already in §7, so that the recoverable 
amount of the electro-magnetic energy expended 
in magnetising the rod will be 


eh 


3 As i Pnar=3 As Pmaz per unit volume . (18) 


A similar investigation shows that the average 
throughout a circular rod which is subjected to a 
bending load will be 

2 


Pu=3 Pmaz 


so that in this case the mean value of the recover- 





19 Zeit. Phys., 1930, page 267. 





and A. G. Warren. 





2 Kersten, Zeit., Phys., 1931; E.T.Z., April 27th, 1939. 
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able portion of the electro-magnetic energy which 
is expended in magnetising the rod to saturation 
will be 

3 2 1 
> As i. Pmas— As Pmax 


Reverting now to the nickel rod of rectangular 
section which is subjected to a bending load: 
in Fig. 27a the upper half of the rod being in 
tension, the preferential direction for the axes 
of the Weiss domains will be the transverse direc- 
tion, as shown, since in this direction the stress 
is compressive and consequently it forms a pre- 
ferential direction for the axes of the Weiss 
domains, as already pointed out in § 8, with refer- 
ence to Fig. 26 a. 

Similarly, in the lower half of the bent rod in 
Fig. 27 a, the stress in the longitudinal direction is 





compressive, so that this is also the preferential 
direction for the axes of the Weiss domains. In | 
the completely demagnetised condition therefore | 
the axes of the Weiss domains may be diagram- | 
matically represented as shown in Fig. 27 a. | 


| 


If, now, a longitudinal magnetising field H, is | 























on a rod of nickel subjected to a bending load, and 
found that if the rod was magnetised to saturation 
the corresponding value of the remanence was 
J,=4} Js, as shown in Fig. 28. 

In the case which has been considered in the 
foregoing the stress was applied externally, and 
so could be easily measured. In general, however, 
the practical case involves magneto-striction effects 
due to stresses which are internal, and cannot 
therefore be directly measured. Some estimate of 
their magnitude may, however, be arrived at in 
the following way. If a rod is magnetised to 
saturation, the magnitude of the recoverable 
electro-magnetic energy which is necessary to 
magnetise the rod can be found from the hysteresis 
loop and the relationship can be expressed by the 
equation 


J ‘ 
[tH at=3 roi. (19) 
as has been considered already in §8. In this 


expression o; is the mean value of the (unknown) 
internal stress, and consequently a value for this 
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applied so that the rod is magnetised to satura- 
tion, the domains will become aligned, as shown 
in Fig. 276. On reducing the magnetising field to 
zero, the domains in the lower half of the rod are 
already aligned in the preferential position, so that | 
they will remain unchanged. The domains in the 
upper half, however, are 90 deg. displaced from the 
preferential direction, since that direction will be 
the transverse ; that is, the direction in which the 
stress is compressive. It follows, then, that these 
domains in the upper half of the rod will align 
themselves in the transverse direction, and in so 
doing will on the whole neutralise each other’s 
effect, since there will be no reason why these 
domains should return to this preferential direction 
by turning through 90 deg. in a clockwise or a 
counter-clockwise direction. The result will be 
that the upper half of the rod will be unmagnetised, 
and the lower half of the rod will remain magnetised 
to saturation. It follows therefore that the 
measured value of the remanent intensity will be 
J,=3J;, the conditions being as shown in 
Fig. 27 c.21 





21 See also Tue ENGINEER, October 28th and December 30th. 





1938, letters from A. Kussman and A. G. Warren. 


stress may be found. Reference in this connection 
should also be made to the numerical example 
in § 7 with reference to Fig. 22. 

The remanence condition of Fig. 29 is distin- 
guished from the completely demagnetised con- 
dition of Fig. 29a by the fact that in the state 
shown in Fig. 29 a the alignment of the individual 
domains is such that the axes of magnetisation 
may make any angle 6 with the direction of the 
subsequently impressed force H, the range of 
possible values of 6 being from 0 deg. to 180 deg. 
In the state of remanence, however, as shown: in 
Fig. 29, the axes of magnetisation of the indi- 
vidual domains will be aligned at angles not greater 
than 90 deg. to the direction of the previously 
impressed magnetising field Hy. 

The magnitude of the remanence intensity of 
magnetisation will then be given by the expression 

J,=Js (cos 6) mean 
in which the angle 6 may have any value between 
0 and 90 deg. If the mean value for cos @ for a 
spherical quadrant of the material be taken to be 
equal to 4, then 

J,=3 J,. 


M. Kersten** carried out a magnetisation test 





$10. The Interpretation of the Initial Per. 
meability.—The initial permeability », of a ferro- 
magnetic material is given by the slope of the null 
magnetisation curve, as has been explained already 
in Part I, $1, and the relationship between the 
initial permeability ~, and the initial susceptibility 
Ko is given by the expression 

fo=1-+-4 7 ky 
where the initial susceptibility is given by the slope 
at the origin of the null J: H curve. Thus, in 
Fig. 30 «,=tan 4). 

Referring now to Fig. 17 in § 6, the null magneti- 
sation curves are given for iron for the crystal 
directions (100) and (111) respectively. These 
curves show that in order to magnetise a single 
crystal to saturation in the (111) direction a greater 
amount of electro-magnetic energy must be supplied 
than is necessary to magnetise the crystal to 
saturation in the (100) direction. It was pointed 
out in § 6 with reference to Fig. 18 that the recover- 
able amount of extra energy absorbed in changing 
the direction of magnetisation to saturation from 
the (100) axis to the (111) axis is given by the shaded 
area. Actually, this extra energy is equal to 
1/3 K, where K is the crystal (magnetic) energy. 

Now referriag to the null magnetisation curve of 
Fig. 30, the initial slope of this curve—that is, the 
value of 


dJ 
—_— |H=0 
| 


—is the initial susceptibility and its value is 
believed to be determined by the average internal 
stress o;. Two distinct methods of approach in 
developing an expression for the magnitude of 
the initial susceptibility have been investigated 
by R. Becker and M. Kersten respectively. 

The internal stresses will vary in some irregular 
way from place to place in the material and even 
with the most careful heat treatment these internal 
stresses cannot be entirely eliminated. Suppose 
in the first place that the internal stress could be 
replaced by an equivalent load o,, and that the 
assumptions made in the derivation of the expres- 
sion in §8 may be considered to be applicable 
here, vi2., that magnetisation is due to the turning 
of the Weiss domains through 90 deg., viz., 

ideas 20) 
2 

The recoverable electro-magnetic energy if the 
magnetisation to saturation were to be carried out 
in accordance with the line O A, Fig. 30, as the 
magnetisation characteristic would be given by 


ae 
U.=| ‘Hdd . 


0 


(21) 


But the initial susceptibility is 


Rast gL= 
K an H 
so that 
Jed 1 J,? 
v= ("as=5 (22) 
o Ko 2 Ko 


Hence from expressions (20) and (22), 


that 


it follows 


3 1J, 
se 5 
or 
J,” 
oa. 2 
= As Ge (23) 


If FE is Young's modulus for the material, then 


o Ge 
abet 


so that the expression (23) may be written 
woot 1 (2) 
° 3E\A, 
M. Kersten** has investigated the expression for 
the initial susceptibility x, on the basis of the 
internal stress o; and the assumption that magneti- 
sation during the initial portion of the null magneti- 
sation curve is to be accounted for by the rotation 
of the Weiss domains through 90 deg. The results 
of these investigations show that, if the internal 
stress is relatively large so that the energy A,o; 
is large in comparison with the crystal energy 
constant K, the initial susceptibility is given by 
21 


the expression 
Je\’ 
“9 i (;) 


and he has found that this expression gives results 
which are in remarkably close agreement with the 


(24) 


(25) 


K 





22 Z, Phys. 1931. 





23%. tech. Phys., 1931. 
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measured values of the initial susceptibility for 
iron-nickel alloys over a wide range of percentages 
of nickel. 

Another method of approach for deriving an 
expression for the initial susceptibility has been 
proposed by R. Becker,** and may be briefly 
recapitulated as follows :— 

The internal forces will vary from point to point 
in the material. Suppose, for example, that at a 
given place the-internal force is a tension. Con- 
sidering the conditions which exist, say, in the 
plane of the paper, the tension at any point can be 
resolved into two directions at right angles, say, 
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| From these considerations R. Becker** has 
deduced the following expression for the initial 
susceptibility «,, viz.:— 


| Ka= 4 JF 4.4 Js ; 
* B1rAo; 37E\A, 


| It is to be observed that this expression for x, 
holds for the case for which the internal stress 
A, o; is less than the crystal constant K, whereas 
the expression (25) of M. Kersten has been deduced 
under the assumption that the energy A, o; is 
greater than the crystal constant K as has been 
already pointed out. 

Further reference to these aspects of initial 


(26) 





the horizontal or x direction and the vertical 


direction or y direction. For materials in which the | 


magneto-striction effect is positive, e.g., iron, a | 
tension in the x axis will promote magnetisation | 
in the x axis and a tension in the y axis will promote | 
magnetisation in the y axis. 

In Fig. 3i are shown diagrammatically two 
neighbouring domains in iron for which the internal | 
stress is tensile and varies from place. The indi- 
vidual crystals in the domain will tend to be mag- 
netised along that axis which most closely approxi- 
mates to the dominant tension at that crystal. 
Suppose in Fig. 31 the dotted (sine) curve repre- 
sents the excess of internal tension o;, in the 
x axis over the internal tension o;, in the y axis 
over these two neighbouring domains—that is, 
the dotted sine curve shows the value o;,—oi, 
from place to place in the plane of the domains 
which is represented by the surface of the paper. 
Then the crystals in domain (1) will be magnetised 
dominantly in the x axis and where the tension 
oj,—Gjy is & Maximum the magnetised axes of 
the individual crystals will most nearly coincide 
with the direction of the dominant tension—that is, 
with the a axis. 

Similarly as regards the domain (2). The crystals 
in this domain will be magnetised dominantly 
in the y axis, and where oj,-9;, is a maximum the 
magnetised axes of the individual crystals will 
most nearly coincide with the direction of the 
dominant tension—that is, with the y axis. 

Now suppose that a weak magnetising field H 
be applied to the domains in the 2 axis, as shown 
in Fig. 31. This small force will tend to produce 
expansion of the domain (1) due to the crystal 
axes tending to come into alignment with the 
direction of the impressed field. In the domain 
(2), however, there will be an internal compressive 
stress along the x axis—that is, the complementary 
stress to the tension in the y axis—so that the | 
crystal axes of domain (2) tend to align themselves | 
in the 7 axis, thus producing a further contraction 
of domain (2) in the x axis. 

The boundary between domain (1) and (2), | 
shown in Fig. 31 by the thick line, will now become 
displaced to some position as shown by the dotted | 
line. When the small magnetising force H is) 
removed, the crystal axes tend to return to their 
original positions. In this way the boundary | 
acts like an elastic membrane for small values | 
of the applied magnetising field H ; this boundary 
becomes temporarily displaced when the small 
field H is applied in the x axis, but the boundary 
returns to its original position of stable equi- 
librium when the applied field is removed.” 


| 
| 
| 


/magnetisation to be J,=480, 
| expression (26) may be written 


| susceptibility will be considered later. 

It is of interest to examine in the light of the 
‘expression (26) the test results for nickel wire 
which have already been published in a previous 
article.2?7, In Fig. 3 of that article are given the 
/curves showing the maximum permeability for 
| heat-treated nickel wire of various diameters, 
‘and also the corresponding curves for nickel 
wire which had been coated with a thin film of 
| copper and then heat treated. Further, in Fig. 10, 
of that article, are given the experimentally 
obtained values for Young’s modulus E for both 
the uncoated nickel wires and the copper-coated 
wires, and from these experimentally obtained 
data the value of the initial susceptibility for 
the wires of the different diameters may be 
calculated by means of Becker’s formula (26). 

The experimental values of the initial suscepti- 
bility are obtained from the null magnetisation 
curves and the experimental data are shown 
assembled in the following table : 





Diameter. M E in dynes per 
square centimetre. 
giyin. OF. ws ce, ee, SOC 
in. SE uc oe ae ce 
prin. - 1-76 x 10!? 
ie <. 31-5 . ae 20 X10! 
Taking the value for the saturation magneto- 


striction for nickel as A,=36x10-* (see also 
Fig. 14, Part I) and the saturation intensity of 
then Becker’s 


4 1 
Ky = = 
37K 


(;;) 


=) 425 180 « 10! 


=. Zs x 10", 

By inserting in this expression the values of 
Young’s modulus E as given in the foregoing 
table the values of the initial susceptibility «° 
may be calculated and are shown by the broken 
line curve in Fig. 32. The full-line curve in Fig. 32 
shows the values as obtained from the correspond- 
ing null magnetisation curves and given in the 
table. The close agreement between the experi- 
mentally obtained values for the initial suscepti- 
bility and the values calculated by means of 
Becker’s formula is very striking. 

The application of Becker’s formula to the 
determination of the initial susceptibility will be 
considered with reference to iron in Part III of 
this article. 
(T'o be continued) 


Scientific Instruments and Apparatus 


No. 


HE Physical Society's Exhibition of scientific 
instruments and apparatus, usually held on 
the first few days of January of each year, did 
not take place last January on account of the 
war. No doubt the show was greatly missed by 
many scientific people, not to mention makers 
and users of instruments and apparatus, and 
innumerable students in the habit of visiting the 
exhibition to acquire general knowledge that 
might be helpful in their studies. The many 
applications of the exhibits, particularly those of 
an electrical nature, make a wide appeal, and it is 
not to be wondered at, seeing that admission to 
the show did not cost money, that it was well 
patronised. 
especially in the evenings, rather overtaxed the 
accommodation provided at the Imperial College 
of Science and Technology, but despite that we 


*4 Phys. Zeit., 1932. 
*6 Also Lord Rayleigh. 


Of later years the number of visitors, | 


rm 
| 


I 


always found our. visits well worth while, and it is a 
matter of regret that owing to the prevailing 
conditions there has been no exhibition this year to 
report. 

Our endeavours to obtain information con- 
cerning instruments and apparatus that would 
have been exhibited in the absence of hostilities 
have not failed to bear fruit, although in many 
cases the firms usually represented are too busy to 
do anything save meet Government demands. 
Nevertheless, we are able to present particulars and 
illustrations of recent products of some of the usual 
participants in this interesting and instructive 
| display of scientific instruments and apparatus. 





CAMBRIDGE INSTRUMENT CoMPANY, LTD. 


Amongst the apparatus that might have been 
shown by the Cambridge Instrument Company, 





*6 Phys. Zeit., 1932. 
| 277. F. Wall, Toe ENoInerr, June 17th, 1938. 
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Ltd., is the thickness gauge for steel strip shown in 
Figs. 1 and 2. The gauge is designed for mounting 


‘on a rolling mill to indicate the thickness of the 


strip as it leaves the rolls. It is set to indicate the 
normal thickness in ten-thousandths of an inch 
on a direct-reading counter, and the difference 
between the normal and actual thickness to an 
accuracy of one-thousandth of an inch is shown 
either on a pointer type indicator or on an illu- 
minated moving scale indicator. As is shown by 
the drawing, Fig. 2, the gauge consists of a single 
casting carrying two rollers running on ball bearings. 
While the lower bearing is fixed to the casting, the 
upper one is movable in a vertical direction. 
After setting the rollers to the desired thickness 
by means of the handle on the left-hand side, 
variations in thickness are measured by a Cambridge 
electric micrometer enclosed in the upper part of 
the casting and works in the following way :— 
The displacement to be measured is communi- 
cated to an armature between the poles of two 
fixed opposed electro-magnets, through the wind- 
ings of which are passed alternating currents 
from equal windings of a transformer. The 
current through each magnet then depends upon 
the air gap between it and the armature. In- 
cluded in each magnet circuit is a full-wave 
Westinghouse rectifier and the two rectifiers are 
so inter-connected that any difference in the 
currents through the two magnets is shown on a 
D.C. indicator or recorder calibrated in terms of 
the armature’s movement. Operated directly 




















FIG. I—THICKNESS GAUGE FOR STEEL STRIP—CAMBRIDGE 


from the A.C. mains through a supply unit, the 
whole instrument is made water and dust tight, 
the- mechanism being well protected against the 
dirty conditions usually encountered in a rolling 
mill. 

The Cambridge workshop potentiometer for 
molten steel temperatures would possibly have 
been another exhibit. Produced to provide a 
simple direct reading potentiometer calibrated 
directly in temperature, the instrument is used with 
the Schofield thermocouple for liquid steels. Since 
the instrument is of robust construction and 
requires less manipulation skill than the potentio- 
meters ordinarily employed in laboratories, it is 
particularly suitable for-workshop use. ~ Portable 
and self-contained, the instrument has the hecessary 
galvanometer, standard cell and dry battery con- 
tained within its case. To facilitate rapid nieasure- 
ments, the temperature range of 1450 deg. Cent. 
to 1750 deg. Cent. is covered on a single dial with 
a scale 12in. long, with each division representing 
2 deg. Cent. 

The main potential circuit includes the necessary 
rheostat for standardising the current, operated 
by a knurled head and a dry cell, carried in the lid 
of the case. It is put into circuit by means of a 
battery switch and is automatically switched off 
when the lid is closed. The galvanometer is a 
robust taut suspension pointer instrument which 
does not require accurate levelling and has ample 
sensitivity to detect balance to closer than ‘one 
degree with normal resistance in the thermocouple 
circuit. Visible through a circular window in 
the top of the instrument, the pointer swings above 
a uniformly divided scale graduated 5-0-5. A 
clamp protects the moving system when the 
instrument is being carried about. By depressing 
a tapping key the galvanometer is connected in 
circuit whilst the electromotive force to be measured 

H 
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is applied between terminals marked X at the top 
of the instrument. A selector switch enables 
connection to be made either to the unknown 
E.M.F. or to the standard cell. Variations in 
the cold junction temperature are compensated 
by a dial adjacent to the thermocouple terminals 


be measured is from about 0-5 x 106 to 1500 x 106 
candles. 

The apparatus is calibrated by a projector 
equipped with a 5 kW tungsten lamp producing 
a known intensity in the neighbourhood of one 
million candles and mounted beside the apparatus 
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FIG. 2—DETAILS OF THICKNESS GAUGE FOR 


and the dial is set to the temperature shown on a 
glass thermometer on top of the instrument. 


GENERAL ELECTRIC Company, LTp. 


One of the exhibits of the Research Laboratories 
of the General Electric Company, Ltd., Wembley, 
would probably have been a receiver for a daylight 
testing range for projection equipment. Black- 
out regulations have emphasised the need for 
equipment making possible the testing during 
daytime of searchlights, signal projectors, and 
similar apparatus which have to be tested at 
long ranges and therefore outdoors. Previously 
the performance has been investigated during the 
night. The usual method of excluding daylight 
while making measurements involves the employ- 
ment of a long tunnel fitted with screening dia- 
phragms, occupying valuable space and tending to 











FIG. 3—SCREENED RECEIVER FOR DAYLIGHT TESTING 
RANGE—G. E. C. 


be inconvenient in use. But the unusually com- 
pact form of screened receiver, Fig. 3, embodied in 
a daylight testing range installed in the Research 
Laboratories of the G.E.C. has been found to 
be just as satisfactory as the more cumbersome 
type of screening often employed. The range, 
which has a working distance of about 1600ft., 
is designed to allow the exploration of light distri- 
bution, this result being attained by mounting the 
equipment under test upon a turntable adjustable 
about vertical and horizontal axes. The beam of 
light falls upon a photo-electric cell mounted in 
the screened receiver at the distant station and 
connected to a D’Arsonval galvanometer. By 


























STEEL STRIP—CAMBRIDGE 


|under test. This method obviates the need for 
| measurements of the atmospheric transmission, since 
| a pure substitution method is used into which the 
| atmospheric transmission does not enter. Up to 
'the present the range has been used chiefly for 
testing large parabolic reflectors with experimental 
| 24 kW and 5 kW compact source mercury vapour 
'are lamps. To vary the range of intensities which 
'can be measured, filters are used. 


ELuiott BrotHEers (Lonpon), Lrp. 


Instruments that were to have been shown by 
| Elliott Brothers (London), Ltd., of Century Works, 
Lewisham, included a Petch-Elliott current trans- 
former testing set, improved recording instruments, 
and the firm’s latest disappearing filament optical 
| pyrometer, Fig. 4. The last-named has _ been 
| designed for measuring very high temperatures, 
| particularly where it is impracticable to employ 
_thermo-electrical pyrometers. The heated object 
| with a temperature it is desired to measure is 
| observed through a telescope and its brightness 
‘is compared with that of a standard lamp inside 
the telescope. By means of a variable circular 
resistance mounted on the telescope, the brightness 
of the lamp is controlled by a milled head above an 
indicator scale. On viewing the heated object 
through the telescope, the image of the lamp 
filament is seen superimposed on it and by adjusting 
the variable resistance the brightness of the fila- 
ment is increased until it equals that of the heated 
object ; at that point the filament appears to 
“melt ’” into the background. If the current is 
still further increased the filament appears bright 
on a comparatively dull background. 

Since the human eye is very sensitive to changes 
in light intensity, the point at which the filament 
disappears is quite definite and will be found the 
same (within very small limits.of personal error) 
by different observers. The lamp is connected 
up as one of the “ arms ” of a Wheatstone bridge, 
whilst the temperature indicator is connected 
across the bridge. The variable resistance is in the 
battery circuit. Since the resistance of the fila- 
ment varies with its temperature, as the resistance 
is varied by moving the milled ring, the current 
through the lamp filament varies and consequently 
its temperature and resistance, and as its resistance 
alters the bridge is thrown out of balance and the 
indicator pointer is deflected. The advantage of 
measuring the resistance of the lamp, over the 
simpler method of measuring the current passing 
through it, is that the whole of the indicator scale 
may be utilised for the useful range of temperature, 
i.e. 700 deg. to 1400 deg. Cent., instead of, say, 
0 to 1400 deg. In the latter case the portion of 
the scale covering 0 to 700 deg. Cent. is virtually 
wasted, as below about 700 deg. Cent., the bright- 


not practicable to make a reliable comparison with 
the brightness of the lamp filament. 

From Fig. 4 it will be seen that the indicator and 
telescope are combined in one casing carried on a 
handle containing in the latest instrument a 
2-volt accumulator instead of a replaceable dry 
battery. A terminal socket is fitted so that a 
separate accumulator may be used if desired. A 
range of either 800 deg. to 1400 deg. Cent. or 
1200 deg. to 2000 deg. Cent. can be provided or, 
if desired, the indicator can be calibrated for both 
ranges. By attaching an absorption screen to the 
objective, change over from one range to another 
is effected. A red screen is permanently fitted to 
the eye-piece, and an additional red screen can 
be brought into position for the higher tempera- 
ture ranges by turning a small milled knob at the 
side of the eye-piece. 

The temperature of a material may be obtained 
from a measurement of the intensity of the radiant 
energy it emits. Generally the intensity of 
radiation depends not only upon the temperature 
of the source, but also upon the particular material 
of which the object is made. To the eye, glowing 
carbon, for instance, seems to be about twice as 
bright as glowing platinum at the same tempera- 
ture. This is expressed technically by saying 
that the emissive power, or emissivity, of carbon 
is about twice that of platinum. A material with 
the highest possible theoretical emissivity is 
called a “black body.” Black body conditions 
can be experimentally obtained by heating a 
hollow enclosure and observing the radiation 
coming from a small opening in the wall. In this 

















FIG. 4—OPTICAL PYROMETER—ELLIOTT 


case there can be no question of any reflection 
from any source of radiation other than the inside 
walls and the intensity of the radiation depends 
only on the temperature of the walls. Fortunately, 
many technical processes are carried out under 
“black body” conditions. Muffle furnaces, many 
annealing furnaces, sighting tubes, &c., approxi- 
mate sufficiently nearly to “ black bodies ”’ to give 
practically correct temperature readings with an 
optical pyrometer. 

In general, it is customary to call the emissivity 
of a true black body “unity” or 100 per cent. 
All other materials have an emissivity less than 
this, but some materials in the open are nearly 
black as, for example, the oxide formed on iron 
and steel ingots, rails, &c., although in the case of 
clean molten metals the reflective power is con- 
siderable and corrections usually have to be made. 
In any case, reliable comparative readings may be 
obtained. 

The claims made for this latest instrument are :— 
(1) As no part of it is in contact with the furnace, 
costly replacements as with platinum thermo- 
couples are eliminated, (2) the instrument is 
portable and convenient and readings are easily 
and rapidly obtained, (3) the distance from, or size 
of, the heated object is of little importance and a 
clear image of it is seen in the telescope by simple 
focusing, (4) by measuring with monochromatic 
light, brightness, and not colour, is compared, 
with the result that colour blindness will not affect 
the accuracy of the readings obtained, (5) as the 
lamps are not run above 1400 deg. Cent., which is 








means of filters the candle power range which can 





ness of the heated object is so small that it is 





well below the temperature of an ordinary filament 
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sada wail as sities are sociable ry they will 
retain their calibration during many hundreds of 
operating hours, and (6) errors attributable to 

non black body ” radiation and other conditions 
are comparatively small. 

For the Petch-Elliott current transformer testing 
set, which was to have been another of the exhibits 
of Elliott Brothers (London), Ltd., a number of 
important advantages also are claimed and may 
be summarised as follows :—(1) The standard set 
is capable of testing current transformers with 
5, 1 or 0-5 ampere secondaries and selection is 
accomplished by means of a single switch, (2) indi- 
cation is given directly i in percentage for ratio and 

















FIG, 5—PETCH-ELLIOTT CURRENT TRANSFORMER 
TESTING SET—ELLIOTT 


minutes for phase angle, (3) stray fields do not 
affect the apparatus, (4) no auxiliary supplies are 
required and no phase shifting transformer is 
needed, (5) there are no precision readings of 
instruments to be taken, and the set will give 
excellent results in the hands of a semi-skilled 
operator, (6) the burden imposed by the set on the 
transformer under test is negligible, (7) the appara- 
tus is portable, compact, and robust and can be 
set up in a few minutes, and (8) apart from the 
galvanometer and the standard transformer the 
entire apparatus is self-contained. 

The self-contained set and the vibration galvano- 
meter are shown in Figs. 5 and 6 respectively, the 

















FIG. 6—VIBRATION GALVANOMETER—ELLIOTT 


latter having a self-contained spotlight mirror and 
screen. A supply at 200-250 volts, 50 cycles, is 
normally used for the spotlight. Owing to diverse 
requirements, the standard transformer is not 
included in the equipment, but may be any 
stable transformer of the requisite ratio and with 
known errors. 
For standard and unknown transformers, subse- 
quently referred to as S and X respectively, the 
set has easily cleaned terminals, and also for the 
galvanometer and the connections for external 
burdens in series with either S or X. All these 
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onleviith connections should be made with twinned 
leads. There is a knife multi-contact switch of 
special design to select the rating of the trans- 
former on test, t.e. 5, 1, or 0-5 ampere ; an instru- 
ment to indicate load current, ratio, and phase 
error rheostats ; keys to reverse the sense of either 
of the latter to deal with positive or negative 
errors ; and a sensitivity control for the galvano- 
meter. There is also a key which provides a direct 
or low range, a high range (giving a multiplying 
constant of 5 for both error scales) and a polarity 
check position. 

On its low (direct) range, the normal model has 
error scales as follows :—Ratio +-0-5 per cent. to 
—0-5 per cent., each division of 4 mm. corres- 
ponding to 0-01 per cent. Phase angle +20 
minutes to —20 minutes, each division of 9 mm. 
corresponding to 1 minute. The high range 
multiplies the error figures by 5. On the low 
range at } rated secondary current, it is possible to 
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FIG. 7—SCHEMATIC DIAGRAM OF CURRENT TRANS- 
FORMER TESTING SET 


detect differences of 0-002 per cent. and 0-1 minute. 
At #5 rated secondary current, these figures are 
0-005 per cent. ratio and 0-25 minute. 

From the diagram, Fig. 7, it will be perceived 
that the transformers S and X are traversed by 
a common primary current and that their secon- 
daries are connected to * circulate.”” The “ spill ” 
winding will therefore carry a small current AB 
(Fig. 8), which will be the vector sum of currents 
proportional to the ratio and phase errors of the 
transformer X, assuming for the moment that S 
has no errors. The “spill” current traverses 
one winding of a toroid transformer, to another 
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FIG. 8—-CURRENT DIAGRAM 


winding of which is connected the vibration galva- 
nometer and the deflection of this will therefore 
vary with the flux set up in the toroid core. In 
series with the standard transformer is a small 
auto-transformer, supplying two calibrated rheo- 
stats. A tapping on the first of these directly 
supplies a third winding on the toroid transformer 
and a tapping on the second a fourth winding 
through a condenser. 

Current through the calibrated rheostats will 
be in phase with, and vary in magnitude with, the 
secondary current of S and is represented in Fig. 8 
by the line OA. The third winding on the toroid 
transformer will therefore carry a current in phase 
with OA and its magnitude can be adjusted exactly 
to balance the ratio error component AD. Simi- 
larly the fourth winding on the toroid transformer 
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carries a current in quadratyre with OA and its 
magnitude can be adjusted exactly to balance the 
phase error component BD. When these balances 
have been attained, the flux in the toroid trans- 
former will be zero, as indicated by the vibration 
galvanometer showing no deflection and the ratio 
and phase errors can be read directly from the 
calibrated rheostats. As the toroid core is not 
magnetised at balance, the “ spill’ winding will 
be non-inductive at that point so that its burden 
on the transformer X will be very small and non- 
inductive. 

As the balancing currents supplied from the cali- 
brated rheostats are derived from the S trans- 
former, it is unnecessary to set the primary current 
to any precise value. In the actual set an instru- 
ment is provided to indicate the primary current 
and is so arranged that it indicates percentage full 
load within 1 per cent. irrespective of whether a 
5, 1, or 0-5 ampere rated transformer is on test. 
The external connections for testing the difference 
in ratio and phase angle between two transformers 
with isolated secondaries are shown in Fig. 9 
whilst Fig. 10 gives the connections for testing two 
transformers, each having a common connection 
between primary and secondary, and Fig. 11 the 
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FIGS. 9, 10 AND II—EXTERNAL CONNECTIONS 


connections for phase angle and ratio measurement 
on a 1/1 transformer. 

The procedure for making a test is as follows :— 
(1) The transformers S and X are connected 
together with the necessary burdens and vibration 
galvanometer; (2) set knife selector switch to 
suit the rated secondary current of the transformer 
under test ; (3) set ratio and phase rheostats to 
zero, and set galvanometer sensitivity control to 
minimum, and range key to “check” position ; 
(4) bring up the primary current to about 10 per 
cent. full rating. If the polarity of connections. is 
correct there will be no appreciable galvanometer 
deflection, but if there is a marked deflection the 
connections of S or X should be reversed ; (5) in- 
crease primary current to the required value and 
move range key to the “ x5” position. Move 
galvanometer sensitivity control away from mini- 
mum position, this position giving a short circuit 
on the galvanometer, the galvanometer then 
showing more or less deflection. Move the ratio 
rheostat away from zero until a minimum de- 
flection is obtained. If the movement increases 
the deflection, the reversing key is thrown. The 
operation is then repeated with the phase error 
rheostat which can be moved until no deflection 
indicates balance and when approaching the point 
of balance the rheostats should be moved on 
slowly ; (6) the galvanometer sensitivity control 
can be progressively moved from “ minimum ” 
towards ‘‘maximum” when the balance point 
will be more sharply defined ; (7) if the positions 
of the two rheostats are such that the errors are 
within the lower range, the range key may be 
moved to “x1” and the balance operation 
repeated ; (8) the foregoing procedure may then 
be repeated for other values of primary current. 

The set measures the percentage error in 
secondary current owing to incorrect ratio, 
commonly known as the percentage ratio error. 
It also measures the difference in phase between 
the primary and reversed secondary currents. 
The phase difference is said to be positive when the 
reversed secondary current vector leads the primary 
current vector and negative when the reversed 
secondary current vector lags behind the primary 
current vector. Suppose it is required to find the 
errors of a 100/5, 3VA current transformer at 
rated current and rated burden whilst the available 
100/5 ratio standard transformer is rated at 7-5 VA 
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and has known errors at full load and rated burden 
of -+0-1 per cent. ratio, and -++2 minutes phase 
angle. To make the test the load links are removed 
and to the “‘ Std” load terminals a non-inductive 
burden of 6 VA is connected, 1-5 VA being self- 
contained, whilst to the “‘X.”’ load terminals a non- 
inductive load of 3 VA is connected. The test 
may then proceed on the lines indicated and when 
balance is obtained the various switches and dials 
may, for example, read as follows :—Range switch, 
x5; ratio switch, —ratio dial, 0-12; phase angle 
switch, lead, phase angle dial, 7 minutes. 
The figures show that the X transformer has a 

















FIG. 12—RECORDING AMMETER—ELLIOTT 


percentage error of secondary current of —0-12 x5 

—()-6 per cent. and a phase error of --7 x5=+35 
minutes, to which must be algebraically added the 
errors of the S transformer. 

The final result therefore becomes Ratio: Set 
reading —0-6 per cent., Std. error +0-1 per cent., 
net error —0-5 percent. Phase angle ; set reading 
+35 minutes, Std. error, +2 minutes, net error 
+37 minutes. In this example it has been assumed 
that the X transformer errors are required for 
checking against specification, for which purpose 
a non-inductive burden is required, but it is, of 
course, possible to use the set with any kind of 
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former being a standard will almost certainly have 
been checked and figures provided at its rated non- 
inductive burden. The N.P.L. reports give ratio 
error as the value of the quantity “true ratio/ 
nominal ratio,’ which is known as the ratio (or 
primary) correction factor, and may be abbreviated 
RCF. Percentage ratio error may be calculated 
simply from the RCF thus :— 

1 
ROY 1) 

The Elliott D.C. recorder shown in Fig. 12 is of 
an entirely new design, incorporating improve- 
ments in construction and performance made 
possible by the use of the newest magnet steels. 
The instruments have the firm’s latest movement 
and a new case. Owing to the high flux density 
employed, the recorders are sufficiently damped for 
| use on circuits subjected to load fluctuations of 
/normal proportions and oil damping is eliminated, 
jalthough to meet abnormal conditions an oil 
| dashpot can be fitted. A very high sensitivity is 
| obtained. 


Percentage ratio error=100( 





| ¥ 3 | 
burden on the X transformer. The S_ trans- | 





The standard ammeter gives full scale | 


'deflection for 75 millivolts and approximately | 
| 110 milliamperes at the shunt end of leads having a | 


| maximum resistance of 0-05 ohm. Employing a 
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supplied, the maximum sensitivity for a zero 
voltmeter being 600 ohms per volt. The lowest 
permissible range for this sensitivity is 0-15 volts. 
Instruments known as potential recorders have a 
sensitivity of approximately 40 ohms per volt. 

Recording instruments are also available in the 
form of single range milliammeters, the lowest 
range being 0-2 milliamperes and the resistance 
1800-2000 ohms. The 10 milliampere instrument 
has a resistance of approximately 90 ohms. 
Rectifier-operated instruments are supplied in 
ranges of 0-2 milliamperes and upwards. The 
lowest range recommended for a zero voltmeter is 
0-10 volts with a sensitivity of 100 ohms per volt. 
For 0-25 volts, the sensitivity can be increased 
to 500 ohms per volt. For rectifier ammeters. 
milliammeters and voltmeters the scale shape is 
practically linear except for low range voltmeters, 
in which the scale is even above one-tenth of full 
scale deflection. 

Except in the case of instruments having the 
highest sensitivities these recorders can be fitted 
with mercury contacts to operate an alarm when 
the current or voltage exceeds a predetermined 
value and the contacts may be adjusted to operate 
at any value between half and full scale deflection. 
The mercury. contacts will make and break 1 VA 


shunt with a volt fall of 150 millivolts, the maxi-| and it is recommended that a thermal relay be 

| mum permissible resistance of the shunt leads is | employed in conjunction with them so as to ensure 
0-6 ohm. For ranges not less than 5 volts the | that a sudden fluctuation of load does not affect the 
|standard zero voltmeter has a sensitivity of! relay. : 


100 ohms per volt. Other windings can 


he | 


(To be continued) 





r order to augment the existing water supply 
for domestic and industrial purposes for the 
States of Guernsey, a dam and reservoir are 
being formed in the parish of St. Saviour. A 
brief illustrated reference to the construction of 
this scheme was given in our annual review on 
January 5th, 1940. The reservoir takes in three 
natural valleys which point roughly east, south- 
east, and south, and it will have an estimated 
capacity of 250 million gallons and a maximum 
depth of about 70ft. 

Engravings reproduced herewith and on page 
304 show the design and construction of the dam. 
The position for the structure was chosen as far 
down the valley as practically possible, and it was 











_ St. Saviour’s Dam, Guernsey 


——— 


decided that the dam should be a mass concrete 
gravity structure, consisting of 20 blocks. The 
overall length will be 860ft. and the maximum width 
at the base 86ft. The height from the lowest 
foundation level to the pathway level will be 125ft. 
The spillway, shown in one of the drawings, has 
been fixed at 136ft. above O.D. It consists of five 
openings each 17ft. 6in. long over which a pathway 
7ft. Gin. wide is carried on five arches with precast 
concrete parapet walls. As the normal overflow 


| from the dam will be small the crest of the centre 


opening is designed to be 3in. low and a rebate is 
formed down the back of the dam, so that in general 
overflow water will be confined to this section. 

At the toe of the dam an overflow pool has 
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been constructed to form a cushion for the water. 


From the pool the water is led away in a channel | rubble drains have been laid at frequent intervals 
20ft. wide, ultimately debouching into a covered | over the foundations downstream of the cut-off 
concrete culvert, at present under construction. | trench and pressure relief pipes lead away from 
these drains at convenient points into the inspection 
gallery and to the downstream toe. 


On the face of the dam is a reinforced concrete 
valve tower from which water can be taken | 
through 15in. draw-off pipes arranged at three | 
levels. In addition there is a 1l5in. scour pipe. | 
The draw-off and scour pipes are carried in a tunnel | 
through the dam to the filtration and pumping | 
plant. ‘There is also an inspection gallery provided 
in the design, situated approximately at ground | 























in August, 1938. Soft excavation has been mainly 
carried out with a }-cubic yard dragline, capable 
of being converted to a digger. 
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In order to prevent any possibility of uplift, 


CONSTRUCTION 
Work on the construction of the dam began 
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Rock excavation, | in this block. 






j Concrete 7 to 1 
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cally operated thermometers are being embedded 
in one of the blocks and connected to a central 
indicator. From these instruments the maximum 
rises in temperature will be obtained, and subse- 
quently the rate of cooling of the masses.* 
The main stream through the valley is not of 
large dimensions and hasat present been temporarily 
diverted as far as possible into the western slope 
of the valley. After block No. 5 has been partly 
constructed the stream will be diverted through a 
tunnel with dimensions about 4ft. by 5ft. formed 
The remainder of the excavation 
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level and about 8ft. from the upstream face. 


SECTIONS THROUGH ST. SAVIOUR’S DAM 
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SECTION AT VALVE TOWER 


This | and the subsequent concrete work, is being done | and the concrete work will then be completed and 


gallery extends from blocks Nos. 2 to 14, and access | by six 5-ton derrick cranes with 90ft. jibs, two | at the conclusion of the work the tunnel will be 
thereto is obtained by means of 2ft. 6in. diameter | of the travelling pattern and the remainder fixed. | plugged with concrete and the reservoir allowed to 
shafts at each end, and also by means of the tunnel | Two of the fixed derricks require to be moved | fill. 


containing the draw-off and scour pipes. | 


forward as the work proceeds. Three 1-cubic 


The contractors for the construction of the dam 


The mass of the dam is being constructed of | yard and one 3-cubic yard mixers are provided for | are Pauling and Co., Ltd., and the joint engineers 


7:1 concrete, and the upstream face of 4:1) 
concrete placed simultaneously. After all the | 


the concrete work, fed from two crushers and 
rotary screens. Stone for the aggregate, mostly 


for the work are Messrs. T. and C. Hawksley and 
W. T. Halcrow. 


blocks have been completed and given as long as| consisting of blue granite, is obtained from the | 


conveniently possible to cool, the whole of the | 
upstream face is to be “ gunited.” 


{ 


FOUNDATIONS 


The terrain consists of soft material overlying | 
rock to depths varying from lft. to 19ft., with the | 
lower part of the valley apparently composed | 
partly of beach material. The geological structure | 
of Guernsey is somewhat complicated. At one | 
period the island was completely submerged, | 
whilst at other periods ‘‘ beaches” have been 
formed at 70ft. and 50ft. above present datuni. 
This movement is presumably the cause of the 
more or less shattered nature “of the rock over 
mnost of the island. In the north of the island good 
hard blue granite is found and, in fact, the export 
of this stone at one time formed one of the main | 
industries. In the southern part of the island, 
where St. Saviour’s valley is situated, the rock is 
much more shattered and weathered. It is known 
locally as “ Talvine,” though actually it is a 
diorite gneiss, and varies considerably in quality | 
over comparatively small areas. 

A short distance upstream of the dam site 
is the boundary between diorite gneiss and older 
granite gneiss, maybe in part accounting for 
the abrupt changes in the nature of the rock 
encountered in the excavations. At St. Saviour’s 
the main excavation in rock has been taken to 
an average depth of 15ft. to 20ft., and the cut-off 
trench has been taken to a maximum depth of 
20ft. below this level at the centre, tapering to 6ft. 
at the extremities. 

In an endeavour to ensure watertightness, 
grout holes are being drilled at 6ft. centres in two 
rows along the whole length of the cut-off trench. 
The grout holes vary in depth from 10ft. to 20ft., 
according to the height of the blocks. In the centre 
of the valley the bottoms of the grout holes are well 
below ordnance datum; l}in. diameter pipes 
are caulked into the holes and carried up with 
the concrete so as to emerge from the face of the 
dam at a convenient level. They will be grouted 
under pressure when all the blocks are completed. 
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CUT-OFF TRENCH—AUGUST, 


beaches and from a quarry about two miles from 
the dam site. 

The dam is being constructed in alternate blocks, 
each 45ft. long. This method is clearly shown in 
the photographs reproduced, and is, of course, done 
so that each block can cool and contract before the 
adjacent blocks are poured. It is hoped thereby 
to avoid the formation of large contraction cracks 
in the finished structure. The expansion joints 
between each block consist of a continuous 
V-shaped copper strip partly embedded in the 
concrete and cutting through an asphalt plug 
6in. in diameter. 

As a point of scientific interest, several electri- 








| 
'The St. Lawrence Development Plan 


| THE gigantic St. Lawrence seaway and power 
| development project, revised to meet the objections 
/ of United States senators who defeated it in 1934, 
| has moved a step nearer realisation with agreement 
| being reached between engineers of Canada and 
the United States on its feasibility. The next 
| move will be a decision by the two governments on 
matters of policy. 

The basic cost of the project has now 
been estimated at around 250,000,000 dollars. 
| Engineers say that between five and seven years 
will be required to complete a seaway from the 
Atlantic to the Great Lakes, but that power 
development phases could be completed in much 
less time. 

During the recent discussions between engineers 
and state officials of the two countries the whole 
field was covered, and definite progress was made. 
The discussions have now reached the point where 
it is necessary for the negotiators to report to their 
respective governments on various matters of 
policy requiring their consideration and decision. 
Advisors of the two governments have reached 
substantial agreement on the feasibility and desira- 
bility of a project in the International Rapids 
section of the St. Lawrence River which would 
involve a main dam in the vicinity of Barnhart 
Island, with a powerhouse in each country, and a 
control dam upstream. This project is based 
upon a plan which was discussed in some detail in 
the 1926 report of the joint board of engineers. 

The engineers of the two countries are now in 
agreement that such a project is sound from an 
engineering standpoint, cheaper in cost than the 
project on which the 1932 treaty was based, and 
affords full protection for all the interests in the 
various sections of the St. Lawrence River. The 
1932 treaty was rejected when the United States 








* See article on Laggan dam, THE ENGINEER, May 22nd, 1936. 











Senate failed to give it the two-thirds majority 


necessary for ratification. By going back to the 
1926 project in preference to that of 1932, the two 
countries sought to avoid some of the objections 
raised in the United States Senate in 1934. The 
present agreement is largely based on a draft 
treaty submitted to Canada by the United States 
State Department in May, 1938. Through this 
draft the United States promised to finance the 
works necessary to carry sea-borne commerce into 
the Great Lakes, past the International Rapids, and 
to make possible power development from the 
rapids whenever desired by either country. 

Included in the treaty is a plan for the develop- 
ment of Niagara Falls both scenically and for 
additional power purposes. The United States 
would shoulder by far the major share of the 
expense of the project because Canada already 
has made large expenditures. These include the 
construction of the Welland Canal linking Lake 
Erie and Lake Ontario. 

The present draft treaty would enable the 
United States to go forward immediately with 
the International Rapids section in the deep 
waterway and power development ; defer Canada’s 
responsibility for completing its share of the 
waterway for a sufficient time to assure the 
readiness of the Ontario power market to absorb 
its share of the power ; provide for an international 
commission to develop plans and advise the two 
governments on a programme to promote the most 
advantageous use of the entire Great Lakes— 
St. Lawrence resources ; assure immediate under- 
taking under the supervision of this commission 
of the proposed works to preserve the scenic 
beauty of Niagara Falls (the falls are gradually 
wearing away through the action of the waters of 
the Niagara river) ; permit the province of Ontario 
to go forward with its plans for diversions from the 
Albany river basin into the Great Lakes and utilise 
such additional water for power at Niagara ; 
make available considerable additional Niagara 
power to each country for development at will ; 
and enable the proposed commission to proceed 
immediately with the preparation of compre- 
hensive plans for more efficient use of the resources 
of the Niagara river. 

The length of river concerned in this important 
project is about 183 miles, and the total head over 
this distance is about 226ft. The yearly mean 
discharge is of the order of 240,000 cusecs. It would 
be necessary to maintain the level of Lake Ontario 
at its present level and also maintain the water 
level in Montreal harbour. The natural divisions 
of the whole development are :—The International 
section extending from Lake Ontario to Cornwall 
and having a head of 92ft.; the Soulanges section 
extending from the mouth of the Ottawa river for 
about 18 miles west with a head of about 83ft.; 
the Lachine section extending from Montreal 
harbour for 24 miles with a head of 48ft. The 
International section has a potential two million 
horse-power. The Soulange and Lachine sections 
have approximately two million and one million 
horsepower respectively. 

J. E. Lawson, vice-president of the Canadian 
Niagara Power Company, recently told the Canadian 
Electrical Association convention that 600,000 
more horsepower could be developed at Niagara 
Falls without marring its scenic beauty or increasing 
the danger from ice conditions. He disagreed 
with the suggestions of various engineers that 
between 40,000 and 80,000 cusecs. of water could 


be diverted from the Niagara river without 
reducing its scenic value. About 30,000 cusecs. 


could be diverted, he said. 

While Ontario is the Canadian province most 
concerned with actual construction and power 
development involved in the project, Quebec 
also is vitally concerned, particularly in the 
navigation aspect of the proposal. While the 
Dominion does not have to consult the provinces 
in a purely navigation project, the seaway pro- 
posal would affect the power development at 
Beauharnois and possible production at Lachine, 
both in Quebec, so that Quebec’s acquiescence will 
have to be obtained before the Dominion can 
conclude an agreement with the United States. 
The province of Ontario is definitely committed 
to the proposal. Soon after the outbreak of war, 
Premier Hepburn of Ontario announced a change of 
attitude on the part of his government, which in 
the summer of 1938 declared the project unjusti- 
fiable on economic grounds. Early last October 
Dr. Thomas Hogg, chairman of the Ontario Hydro- 
Electric Power Commission, started discussions 
with federal engineers looking toward agreement 
between the federal and provincial governments, and 
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The tentative decision tolink the Niagara develop- 
ment with the larger scheme has aroused wide 
interest. Revived solicitude for the future of Niagara 
Falls was expressed early last year by Alfred F. 
Beiter, a member of the United States Congress. 
Mr. Beiter had discovered that the world-famous 
cataract was in danger of losing its beauty-through 
erosion, particularly in the area occupied by the 
celebrated Horseshoe Falls. He proposed to 
submit a bill to Congress authorising the establish- 
ment of an international board of six members to 
study and report the best means of preventing 
further erosion and thereby preserving the beauty 
of the falls. Incidentally, the commission would 
consider the question of any further diversion of 
water for power development purposes. 

The Canadian and United States governments in 
1926 appointed a special International Niagara 
Board for the purpose of dealing with this very 
question of preserving the scenic beauty of the 
falls, already threatened by erosion and rock- 
slides. Then, too, the question of water diversion 
was involved, one of the duties of the board being 
to determine what further quantity of water, if 
any, might be turned aside for power development 
purposes. The final report of this tribunal was 
published early in 1931, but two years prior to 
that the board’s recommendations were embodied 
in what was known as the Niagara Convention, 
signed by both governments early in 1929, and 
approved by the Canadian Parliament in May of 
that year. The board’s problem was almost 
wholly one of engineering and the recommendations 
were based upon expert engineering advice. They 
included the construction of submerged deflecting 
weirs, to lie diagonally and irregularly across the 
current above the falls, and to be built as to be 
indistinguishable from natural rock formations. 
Another submerged weir was to be built near the 
lower end of Grass Island Pool to ensure an adequate 
flow in the American Rapids and falls and passing 
the Three Sisters Islands. The board and its 
engineers considered that these works would 
maintain an unbroken crest line from shore to shore 
at all seasons of the year. 

Such withdrawal of additional water for power 
purposes as might be permitted during the con- 
struction period was to be temporary and limited ; 
the water was to be taken only during the non- 
tourist season, and no new vested rights were to 
be created. This, substantially, was the pro- 
gramme sanctioned by the Canadian Parliament 
in 1929. As already stated, it was acceptable to 
the government of the United States, but when it 
got to the Foreign Relations Committee of the 
United States Senate it stayed there and suffered a 
lingering death. 








Letters to the Editor 


(We do not hold ourselves responsible for the opinions of our 
correspondents) 





LIGHTWEIGHT STEAM PLANTS 
Sm,—It was with some satisfaction that I saw that 
at least one of your readers had taken my letter on 
the above subject seriously. His remarks about 
aero engines having a weight nearer to 2 lb. than 
1 lb. per H.P. may be true for the smaller civil-rated 
engines, but certainly the military types (which with- 
out doubt are reliable) have a weight of not much 
more than 1 Ib. per H.P. In my efforts not to over- 
state the case, I resisted the temptation of quoting 
the power weight ratio of special engines, such as 
those developed for the Schneider Trophy, which 
weighed very much less than | lb. per H.P. 

Your correspondent’s figure of 15 lb. per H.P. for 
a 50,000 kW turbine with condenser and auxiliaries 
supports my contention very well. Let us for a 
moment set aside certain practical limitations and 
consider a hypothetical turbine geometrically similar 
to the 50,000 kW plant, but having the linear 
dimensions divided by 10. The power would be 
divided by 100, and the weight by 1000; on this 
basis a 500 kW turbine weighing 1-5 lb. per H.P. is a 
theoretical possibility. Of course I am aware of the 
difficulty of scaling down in the ratio of 10 to 1, and 
it was with such limitations in mind that I suggested 
6 lb. per H.P. as reasonable for a practical design for 
350 H.P. 

The address of your correspondent suggests that he 
probably has access to the weights of many 50,000 kW 
sets, and it would be interesting to know if the figure 
given refers to the 3000 r.p.m. machines recently made 
by Messrs. C. A. Parsons, or the older 1500 r.p.m. 





weight ratio of an aero engine and a steam plant has 
always made the writer feel a kind of “ inferiority 
complex ”’ for the steam plant, and to counter this, 
various ‘‘ defence mechanisms’”’ have been devised, 
including the idea of the oil refinery being equivalent 
to the boiler plant. Unfortunately this is only a 
partly satisfactory way out for steam lovers, because 
the aero enthusiasts can say, “ All right, burn petrol 
under your boilers and you still cannot compete with 
the normal aero engine on power-weight ratio, or 
thermal efficiency.” Our only answer to that is that 
no aero engine will run on coal. 

Obviously each kind of plant has its own field, but 
let us at least make steam plants as light as they 
ought to be, when lightness is an advantage for the 
service for which they are being used. 

R. C. McLeop, A.C.G.I., A.M.I. Mech. E. 








Sixty Years Ago 


STRUTS AND TIES 


Ir may seem a little curious that we should have 
devoted a leading article in our issue of March 26th, 
1880, to a somewhat elementary discussion of the 
nature of struts and ties and the difference between 
them. Nevertheless there can be little doubt that at 
that time instruction on this subject was needed. On 
the facing page we reproduced from photographs views 
of three of the collapsed piers of the Tay Bridge. 
Had the designer of the bridge fully realised the 
essential difference between a strut and a tie, the 
disaster, we asserted, would probably not have 
occurred. The main piers of the bridge consisted of 
six columns disposed hexagonally in plan on a brick- 
work and concrete foundation, each column being 
composed of seven flanged cast iron pipes united 
together by means of bolts. Lugs were cast on the 
pipes at each end close up against the flanges, and to 
these lugs the bracing of the piers was attached by 
bolts. The bracing consisted of horizontal channel 
irons, two of which, placed back to back, ran from one 
column to the next round the hexagon, and of wrought 
iron flat bars running diagonally in each direction 
between the column joints. There was no bracing 
inside the space occupied by the six columns ; it was 
confined entirely to the planes of the hexagon faces. 
Elsewhere in the same issue we illustrated the bracing 
details of three existing foreign viaducts in which, as 
in the Tay Bridge. the piers consisted of groups of 
cast iron pipes. In all three cases the diagonal 
bracing consisted of channel or tee-iron and was 
therefore capable of taking compression as well as 
tensile loads. In the Tay Bridge the flat bar diagonal 
bracing virtually deprived the piers of all strut sup- 
port. The illustrations of the collapsed piers to 
which we have referred above certainly suggest that 
some of the diagonal bracing members had been sub- 
jected to end compression loading, but whether their 
failure as struts caused the disaster or whether they 
were deformed during the actual downfall of the 
bridge there is no evidence to guide us. The cast iron 
columns were for the most part shortened, but here 
again it is impossible to say whether their fracture was 
the cause or a consequence of the collapse. In most 
of the instances visible in our illustrations the lowest 
section of each column of pipes is shown snapped off 
just above the bottom flange, which was bolted to a 
cast iron pedestal mounted on the top surface of the 
pier foundations. In one instance, however, the 
lowest pipe section is represented lying complete in a 
horizontal position still attached to its pedestal which, 
in turning over, tore away with it the blocks of the 
masonry courses on top of the brickwork and concrete 
foundations, to which courses the pedestals were 
bolted. The evidence provided by this column seems 
to support the view widely expressed soon after the 
disaster that the bridge was bodily blown over by the 
pressure of the wind on its exposed surfaces. All our 
three illustrations show that the columns fell by a 
movement of their upper ends from east to west. 





PERFORATED METAL FoRMED BY ELECTRO-PLATING.— 
An American company is now producing metal screens 
which are built up by electrodeposition and are claimed to 
combine accuracy in hole diameters with the smooth sur- 
face of perforated metals. It is intended to serve the 
purpose of lying between those now covered by woven 
wire screens and perforated metals and is generally used 
in the fine meshes below the limits of the latter. Known 
as ‘‘ Lektromesh”’ it is readily fabricated by drawing, 
stamping, welding, soldering, &c., and is quite stiff and 
sturdy. The mesh can be made of any shape and in a 
variety of sizes. For its production the required design is 
transferred by a series of sensitising, etching, filling, and 
surface treating processes to a metal plate or matrix. 
The surface of the matrix when finished is in a condition 
to receive the electro-deposit uniformly and yet leave open 
spaces where necessary to form the mesh. The matrix is 
then fastened to a circular cylinder which revolves in a 
plating bath and as it turns metal deposits are built up 
uniformly to the required thickness, which depends upon 
the speed of rotation and the current density. The 
deposit in the form of a continuous screen is automatically 





designs. 





it is now stated such agreement has been reached. 





The unsatisfactory comparison between the power- 


stripped off the revolving matrix. At present the new 
material is being produced in sizes from 25 to 400 mesh. 
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Rail and Road 


NEW EQUIPMENT ON AMERICAN RAILROADS,—It has been 
announced by the Association of American Railroads that 
the Class I railways in the United States during January 
placed 4983 new freight cars and 19 new locomotives in 
service. At the beginning of February there were on 
order just under 34,600 new freight cars and 139 new 
locomotives. Of the engines on order 77 were steam and 
the remainder electric or oil electric. 

NorwEGIAN STATE Raitways.—It is reported that the 
Norwegian State Railways have ordered eight 1300-H.P. 
oil-electric trains for fast passenger services. Each train 
will comprise three light-weight coaches with oil-electric 
sets of 650 H.P. at either end, designed to have a maximum 
speed of 120 kilometres per hour. In connection with the 
electrification of the Ostfold Flamsbanen lines eight large 
new electric locomotives have been placed on order. 





AMBULANCE TrRAINS.—Railway passenger rolling stock 
having an aggregate length of 7 miles has been converted 
into ambulance trains and trains for the evacuation of 
civilian casualties in this country. The work of con- 
verting and assembling into trains of the civilian stock 
was completed within forty-eight hours of the declaration 
of war and the first ambulance trains were completed and 
handed over to the authorities within the first three weeks 
of the war. 

PROTECTIVE MEASURES ON British Roaps.—-The Road 
Fund Report for the year ended March 3lst, 1939, which 
has just been issued shows that 114 new traffic light 
signals were installed during the year, and that there are 
now 32,000 pedestrian crossings in operation. Of the 
432,000 driving tests conducted by the Ministry of Trans- 
port’s examiners 37-5 per cent. of the applicants for 
licences failed to pass. Since the passing of the Road 
Traffic Act, 1934, 1,396,000 tests have been conducted. 


KAILWAYS IN SpaIn.—It is reported that services have 
now been resumed on all the railway lines between France 
and Spain with the re-opening of the line between Pau and 
Saragossa. The construction has been authorised of a 
new central station at Santander to provide a joint 
terminus between the Santander-Oviedo, the Somtander- 
Bilbao, and Ontaneda and Astilleros-Ontaneda lines. 
According to the Railway Gazette, the last-named narrow 
gauge line is spoken of as the future continuation of the 
Santander-Mediterranean railway, the northern terminus 
of which is still at Cidad-Dosante. 


RaAitway ELECTRIFICATION IN Latvi1a.— In a statement 
to the press recently, the Director-General of the Latvian 
State Railways said that a new scheme had been prepared 
for converting the Riga-Ieriki, Riga-Krustpils, Riga- 
Jelgava and Riga-Tukums lines to electric traction. These 
lines handle about 50 per cent. of the total railway pas- 
senger traffic in Latvia and 36 per cent. of the total freight 
turnover, The value of imported fuel consumed by the 
steam engines on these lines is normally about 1-8 million 
lats annually, and it is estimated that the fuel saving 
consequent upon electrification will cover the cost of the 
scheme within a period of twelve years. : 

New AMERICAN STREAMLINED TRaAINS.—The American 
Car and Foundry Company has recently delivered to the 
Missouri Pacific Railroad two new six-coach streamlined 
trains for service between St. Louis and Omaha via Kansas 
City. Aluminium alloys were used largely in the con- 
struction of the train, which has a total shell weight of 
596,980 lb. The two leading coaches, which are just under 
73ft. long, are for mail and luggage storage, the four fol- 
lowing coaches, each of which is 84ft. 6in. long, having 
accommodation for 230 passengers. The trains are to be 
known as “ The Eagle” and will be hauled by two oil- 
electric locomotives each of which weighs 300,000 Ib. and 
develops 2000 H.P. 

PetTrot ALLOWANCES.—Many motorists who have not 
yet licensed their cars this year or renewed current 
quarterly licenses have applied to divisional petroleum 
officers for supplementary petrol allowances for the months 
of April and May. The Mines Department announces 
that such allowances cannot be granted until the vehicle 
is properly licensed. In their own interests, motorists 
should carry out the instructions which have been given, 
i.e. license the vehicle first and then, if necessary, apply 
to the district divisional petroleum officer on the appro- 
priate form enclosing the registration book. Application 
for extra petrol should not be made unless it is required 
for business or other essential purposes. 


GrRovuPED Motor VEHICLE INSURANCE.—The Secretary 
to the Ministry of Transport has made the following 
statement: In January last the Minister of Transport 
announced that insurers (who in September, 1939, had 
agreed for three months to continue and to extend, with- 
out any general increase in rates, existing policies for 
‘* grouped ”’ motor goods vehicles, although the Emergency 
Powers (Road Vehicles and Drivers) Order, 1939, removed 
certain restrictions on A, B, and C licences under the 
Road and Rail Traffic Act, 1933) were prepared to extend 
the arrangement until February 29th, 1940. The Minister 
now announces that the insurers have further agreed to 
extend the arrangement until May 3lst, 1940. 


British Matn Line Rattways.—In his presidential 
address to the Engineering Society of the City and Guilds 
College, Mr. George Ellson spoke on the subject of railway 
engineering, and he dealt particularly with the works on 
the main line railways of this country. He pointed out 
that there were 35,362 single track miles of running lines 
on the four group railways, whilst the sidings had a further 
mileage of 15,193. About 21,300 bridges carried roads 
over the railways, and 40,415 bridges carried the railways 
over roads and waterways. Stations and halts numbered 
7371, and the aggregate length of tunnels amounted to 
about 300 miles. The capital invested is just over 1100 
million pounds. He said that about five-eighths of the 
19 or 20 million pounds spent annually on maintenance 
of way and works was absorbed by the renewals and 
maintenance of track. The advance made in the methods 
of track upkeep was indicated by the fact that the average 
cost per train mile for renewal and repair in 1927 was 
7-63d., whereas by 1938 it had decreased to 6-76d. This 
decrease had been made despite the fact that many heavier 
engines were in service, and the average speed of traffic 
had been considerably increased. 
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AREA Apvisory ComMITTEES.—The Ministry of Supply 
announces that Area Advisory Committees have been 
formed in Glasgow, Newcastle, and Stockton, and that 
one is in process of formation in Wales. 


PARLIAMENTARY AND SCIENTIFIC CoOMMITTEE.—The 
Earl of Dudley has been re-elected president of the 
Parliamentary and Scientific Committee for the year 1940. 
In addition to the Members of Parliament supporting 
the committee the following organisations, among others, 
have become members:—Institute of Fuel; Institute of 
Structural Engineers; Institute of Marine Engineers ; 
British Association for the Advancement of Science ; 
Institution of Mechanical Engineers ; Institute of Gas 
Engineers ; Institute of Metals. At the next meeting of 
the executive committee the question of the collection 
and utilisation of town refuse and waste products will be 
considered. 

Air COMPRESSOR AND PNEUMATIC EquipMENT Export 
Grovup.—The British Compressed Air Society, at the 
instance of the Export Council, has formed an export 
group which will operate in conjunction with, but as a 
separate organisation of the society. Membership will be 
open to all air compressor and pneumatic equipment 
manufacturers in the United Kingdom whether members of 
the society or not. The purpose of the group is to foster 
and maintain export trade, and to ensure supplies of raw 
materials for export orders, as far as is possible under war 
conditions. The formation of the group is for the dura- 
tion of the war, and those who wish to join should apply 
in writing to the hon. secretary, Mr. E. Lacy-Hulbert, 
Boreas Works, Beddington, Croydon, stating the nature 
of their manufactures. Members of the society are auto- 
matically members of the group. 


THE ENGINEERS’ CLUB, MANCHESTER.—The twenty- 
seventh annual meeting of the members of the Engineers’ 
Club, Manchester, was held on Tuesday, March 19th, when 
the committee’s report on the year’s working was pre- 
sented. From this report it appears that the club is still 
maintaining its position in spite of present difficulties. 
The membership increased slightly during the year. One 
of the difficulties which the club has had to contend with 
since the outbreak of war is the “‘ black-out ’’ which caused 
the suspension of most of the evening functions and meet- 
ings of the engineering institutions, but many have now 
been resumed. Mr. C. D. Taite, M.I.E.E., president, was 
re-elected to this office for the second year. Mr. F. C. 
Hunt, honorary secretary for the past four years, resigned. 
Mr. Geoffrey Foster was elected to fill the position and 
Mr. Ernest Royle was re-appointed honorary treasurer. 


SURVEY oF THE NatTIoNAL Coat ReEsources.— The 
latest report dealing with the work of the National 
Coal Survey, being carried out by the Department 
of Scientific and Industrial Research, deals with the 
Six-Quarters seam of the Cumberland coalfield. The 
report states that it was estimated in 1905 that the 
reserves of workable coal in the Cumberland coalfield 
amounted to nearly 1528 million tons. This estimate 
included the rather uncertain amount under the Carlisle 
Basin, and undersea coal to a distance of five miles from 
the land. A subsidiary estimate, to include undersea 
coal for a distance of 12 miles from the land, increased 
this figure to 2382 million tons. As the output from the 
coalfield is about 60 million tons since 1905 it is obvious 
that the useful life of the field may be reckoned in hundreds 
of years. The Six-Quarters seam is the lowest generally 
worked in a Cumberland coalfield, and in some parts of 
the area is known as the Lickbank. In the southern part 
of the field it often occurs as a double seam, the lower 
part then being known as the Benks coal; this is of 
varying quality and is sometimes worked and sometimes 
not. In general, the thickness of the seam ranges from 
2ft. to 3ft., though in some cases it is as low as Ift. Yin. 
while in others it reaches 4ft. The results show that in 
the area from Clifton to Whitehaven, in which the seam is 
worked, it yields a coal of reasonably good quality. Con- 
siderable reserves of the seam exist in most of the localities 
from which samples were taken. In the north, where it 
is not worked, the general reserves of other seams are 
ample, and this seam may not be developed for many 
years. In the extreme south it has not been mined 
extensively, but the quality is good and it will become of 
increasing importance in the future. 


Roya Socrety FetLowsxip.—Among those who were 
recently admitted to the Fellowship of the Royal Society 
are to be found the following names of distinguished 
engineers, chemists, mathematicians, and physicists :— 
Lord Cadman of Silverdale, chairman of the Anglo- 
Iranian Oil Company, and Emeritus Professor of Mining 
and Petroleum Technology at Birmingham University, 
distinguished for public services and his leadership, 
administrative and scientific, in the development of the 
Iranian Oilfields ; Professor Gilbert Cook, Regius Pro- 
fessor of Civil Engineering and Mechanics, Glasgow 
University, well known for a wide variety of researches 
into engineering problems; Mr. H. Devonport, Lecturer 
in Mathematics, Manchester University, distinguished for 
his work in pure mathematics; Mr. C. F. Goodeve, 
Reader in Physical Chemistry, University College, London, 
for work in many branches of physical chemistry ; Pro- 
fessor K. S. Krishman, Mahendraial Sircar Research 
Professor of Physics, Calcutta, distinguished for optical 
and magnetic researches; Professor R. P. Linstead, 
Professor of Organic Chemistry in Harvard University, 
distinguished for work in synthetic organic chemistry ; 
Professor O. Maass Macdonald, Professor of Physical 
Chemistry, M’Gill University, Montreal, distinguished for 
his researches in*physical chemistry ; Professor H. W. 8S. 
Massey, Goldsmith Professor of Mathematics, University 
College, London, for work in mathematical physics ; 
Professor A. Robertson, Professor of Mechanical Engin- 
eering, Bristol University, distinguished for his funda- 
mental contributions to knowledge relating to the stability 
of solid and tubular struts, and to many other problems in 
the field of strength of materials of engineering construc- 
tion; and Mr. W. I. Suckersmith, Reader in Magnetism, 
Bristol University, distinguished for his outstanding 
experimental researches, particularly on the gyro-magnetic 
effect of paramagnetics, and the physical properties of 





ferro-magnets. 


Air and Water 


AMERICAN AIRCRAFT FOR SWEDEN.—It has been 
announced in Sweden that a contract valued at 10 million 
dollars has been placed in the United States for the pur- 
chase of 144 ‘‘ Vultee Vanguard ”’ fighter aeroplanes. 





PRoFEssoR Hitu’s APPOINTMENT.—Professor A. V. Hill 
has been appointed as Assistant Air Attaché in Washington 
for special scientific liaison duties. The appointment 
is a temporary one and has been accepted without re- 
muneration. 


New Liresoat ror IRELAND.—A new motor lifeboat of 
the Watson cabin t; has been stationed at Dunmore 
East, Co. Waterford. She has two 40-H.P. oil engines, 
which give a speed of over 8 knots, her range at full speed 
without refuelling being nearly 240 miles. 


HypDrRo-ELEcTRIC PLANT IN GREECE.—According to 
reports in America, the Greek Government has placed a 
contract, valued at 10 million dollars, with a group of 
American firms, for the construction of a 76,000 H.P. 
hydro-electric plant and chemical metallurgical plants on 
the Achelous river. 


ControL or MeEercHAnt SHrIPBUILDING.—Mr. William 
Westwood, who has been released from his duties as 
general secretary of the Ship Constructors and Ship- 
wrights Association, has been appointed Principal 
Materials Officer on the staff of the Controller of Merchant 
Shipbuilding and Repairs. 





AWARDS FOR NAVAL InForMATION.—It has been decided 
to institute a system of monetary awards to non-service 
personnel for information concerning enemy naval activi- 
ties. Details of the maximum awards which it is intended 
to make, and the nature of the information for which they 
will be given have been published by the Admiralty. 


Suieprinc Losses.—During the week ended Sunday, 
March 17th, three British, two allied, and four neutral 
ships, making a total tonnage of ‘about 24,000, were lost 
as a result of enemy action. Up to March 16th, 168 
British merchant ships, aggregating 654,698 tons, 16 
French of 71,349 tons, one Polish of 14,294 tons, and 
153 neutral of 459,597 tons gross had been reported lost in 
consequence of hostilities. 


PHOTOGRAPHING AIR FicHTinc.—It was recently dis- 
closed by the authorities that British fighter aircraft are 
being equipped with film cameras which are synchronised 
with the machine guns and operate as long as the firing 
triggers are depressed. Not only does this system enable 
pilots to correct any aiming faults he has developed by 
noting the path taken by the bullets when the film is 
projected on a screen, but it also gives a true record of the 
result of the fire on enemy aircraft. 


Bonus ror DockyaRD EMPLOYEES.—At a meeting at 
the Admiralty of the Shipbuilding Trade Joint Council for 
Government Departments, it was agreed to increase the 
bonus for adult male workpeople in Royal Dockyards and 
other Admiralty establishments at home by 5s.. a week 
from February 19th, 1940. The effect of this increase 
will be to raise the standard rate of bonus for these work- 
people from 22s. to 27s. per week. Increases have also 
been granted from the same date in the rates of bonus for 
apprentices and boys in the above establishments. 


REpPaArRING WHARF Pites.—In the annual report of the 
Maritime Services Board of New South Wales, a method 
which has been adopted for the renewing of defective piles 
in wharf structures is described. The piles were cut off 
a few feet above silt level, and new lengths of pile fitted in 
with steel dogs, the joints being covered by a galvanised 
iron cylinder filled with a mixture of cement and bitumen. 
This is the first occasion on which the Board has adopted 
this method of renewing piles in wharf structures, and it 
has the merit of obviating the necessity of dismantling 
the structure to the extent involved in former practice. 


EXAMINATIONS FOR MARINE CERTIFICATES.—In modi- 
fications of Ministry of Shipping Regulations recently 
announced it is stated that service afloat during the war 
in H.M. ships or in any ships taken up for Navy, Army, or 
Air Force requirements will be accepted in full (subject 
to the ordinary conditions laid down in the Ministry’s 
Regulations) as qualifying sea service for the purposes of 
the Ministry’s examinations of masters, mates, and 
engineers. Where, however, a vessel such as a depot 
ship or hospital ship has spent prolonged periods in port or 
at anchor the service of officers on those vessels will be 
considered on merits. 


Lire Savinc APPLIANCES ON MERCHANT SHIPS.—New 
rules supplementing the Merchant Shipping (Life: 
saving Appliances) Rules, 1938, have been issued by the 
Minister of Shipping to come into force at once. In 
addition to the lifeboats already required to be carried, 
the new rules require the provision in all seagoing ships 
(while employed or going on any voyage or passage to, 
from, or between the coasts of the United Kingdom, the 
Channel Islands, Isle of Man, Eire, and the Continent of 
Europe) of emergency rafts, or similar appliances, sufficient 
to support all persons on board. Each raft or similar 
appliance is to carry a self-igniting buoyant light and 
other specified equipment. In the application of the new 
rules to passenger ships, buoyant apparatus already carried 
on such ships is to be taken into account. The new rules 
include a power to grant exemption from any requirement 
if the Minister is satisfied that such requirement is either 
impracticable or unreasonable. In reply toa question in the 
House of Commons relative to these Rules, the Minister 
of Shipping recently said that reports on the losses suffered 
in the war had shown that the peace-time regulations with 
regard to lifeboats had proved satisfactory, but it had been 
decided to make compulsory the provision of rafts, which 
would carry lights enabling them to be seen by those who 
were thrown into the sea. The Ministry was also pressing 
forward the provision of life-saving waistcoats, which had 
been recently invented and were being manufactured by 
twenty different firms and supplied to the crews of cargo 
ships and fishing vessels. Provision had been made that 
the equipment of new ships built on Government account 
should include a properly fitted motor-boat. In smaller 
ships a motor-boat must be provided or an outboard motor 
must be fitted to one of the boats. 
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PRO AND CON IN THE AIR 


To strike a balance between contending claims 
is a duty common enough in our profession, as it 
must indeed be in any condition of life where 
something short of perfection is all that is obtain- 
able; but in the task of designing aircraft in 
war time it seems to be extraordinarily enhanced. 
Mankind has only had a generation in which to 
wonder at the discovery of the power of human 
flight, a discovery of which the striking feature 
was the apparent overcoming of the hitherto 
dominating force of gravity. Yet, already, when 
there has only just been time for the age of aviation 
to rear its own first pilots, the technical advance 
has been so rapid that the balancing of the smaller 
refinements in design can but be compared to 
that of the electrical engineer—who in comparison 
with the youth of his winged brother may be said 
to be almost in his middle-age. 

Before the Four Years’ War, military equipment 
had not been used in aircraft, and the early war 
flights were reconnaissance only. Even when the 
rifle, and then the machine gun, began to be carried, 
the overall risk to life was not greatly increased, so 
high already was the chance of misadventure of 
one sort or another. It will be hard for future 
generations to realise how amazingly risky was all 
flying in the early days, and how uncertain was life, 
expecially to the pilots themselves, who so commonly 
flew solo when any unusually dangerous adventure 
was at hand. Small wonder that youthful excess 
in other ways had sometimes to be chastened 
by an otherwise not unsympathetic authority ! 
Naturally, the first aim had to be safety in taking- 
off, safety in flight, and safety in landing ; but, before 
that war was over, competition between types had 
grown both in respect of speed and range, though 
both remained modest in amount as seen from the 
view-point of to-day. How strange it now seems to 
remember that if at that time a small additional 
amount of power was wanted, say, to run a radio 
set, no one seemed to think it other than natural 
to swing out a small auxiliary fan into the air 
stream so that it could derive the needed power ! 
Nowadays anyone who suggested such a thing 
would be thought insane if serious, and flippant if 
not. With the general cleaning up of the external 
fuselage—almost entirely during the second half 
of the twenty intervening years—came the 
great growth in airspeed. Opinion had regarded 
the gaining of additional speed as being almost 
wholly a matter of supplying additional power. 
But this proved not to be so. Much more speed 
was gained by attention to the fuselage than by 
improvements to the engine. The carrying of 
military loads became the next difficult problem. 
The bomb itself might appear simple ; for was its 
shape not already even better streamlined than 
the best fuselage ? But here arose the adverse 
factor known as “ aero-dynamic interference.” 
Two shapes might be completely streamlined and 
both have remarkably low drag: but put them 
side by side and close together, and all the pains 
that had been taken to lower drag became of no 
avail, for a new sort of resistance—“ interference 
drag ’’—had arisen instead. Hence although every 
consideration of convenience said “pro” for 
external storage there were others of even greater 
potency that urged the decision ‘“‘con.” Another 
vehement issue, with many years of life behind it 
and still full of vigour, is whether the gun pro- 
jectiles fired from aircraft shall be very small, or 
rather large, or something between the two. 
Much as one might like to, one cannot to-day 
discuss such details in the public press; but 
any engineer with imagination, and some knowledge 
of the conditions, can supply them himself and 
perhaps even make a few useful calculations. 
Settlement of the size of the projectile carries with 
it that other difficult question, the extent to 
which to employ armouring: thus, in the new 
German “ Folke-Wulf” pusher fighters, will it 
be found that armour has been found necessary for 
the protection of the pilot ? And if it isn’t, why 
not ? 

No doubt, however, the biggest “pro” and 
“con” problem to-day, in all countries that 
either are, or may someday be, concerned in war, 
is that of the balance between output and technical 





perfection. The designer always wants his best 
and newest ideas (he always thinks his newest are 
the best) incorporated at once. The production 
engineer hates all changes in type, for he knows 
that every change means that output will suffer. 
Authority has to decide between them—clearly 
there must sometimes be new models, but these 
must only be allowed to appear in the form of a 
stairway with individual steps, and never as a 
steadily progressive inclined plane. Hence the 
most vital and most difficult of the “ pro” and 
“con” problems of to-day is, how many and how 
big should be the steps that shall form this stairway 
of progress. Only a right combination of wisdom 
and courage can give the answer. 


The Conjurer 


ARE there not heartsearchings amongst re- 
searchers, are not their withers wrung, is not their 
complacency torn by misgivings, whenever they 
are fooled by the art of the conjurer? Men 
trained to observe, trained to think logically, 
trained to reach the only conclusion from observed 
facts and yet—unless they have looked it_up in a 
book—they cannot tell you how the conjurer gets 
rabbits from an empty hat. 

There was, we trust there still is, an eminent 
psychopath who could pop you off into a coma, 
talk to you of your dreams and the repressions 
and inhibitions of your childhood and tell you 
why you had an adverse reaction to men with red 
hair. What he did not know about making 
deductions from phenomena was not worth a 
ha’penny stamp. Conjuring fascinated him. He 
regarded the study of it as golden practice in the 
art of observation. If he came upon an itinerant 
conjurer in a back street he must stop and watch 
him. He preferred artistry of that class to the 
mechanised deception of St. George’s Hall. On 
one occasion he found a conjurer and his wife 
entertaining a little crowd in one of the back- 
washes of the Strand. The man borrowed a 
billyeock hat and a newspaper—handkerchiefs 
were rare and precious in his audience. He 
laid the paper on the ground in clear view of 
everyone and on it he placed the manifestly empty 
hat. Then with a few pattering remarks about 
giving the “fluence” time to work, he invited 
the audience to watch his wife juggling with new 
laid eggs. In a few minutes he returned to the 
hat, raised it quite openly by its brim and, there 
was a cabbage! Our psychopath scratched his 
head. He was intrigued. Furtively he followed 
the conjurers to their next pitch. Again a hat 
was set upon a newspaper right “down stage ”’ ; 
again his wife juggled with new laid eggs; and 
again the cabbage appeared. The psychopath 
scratched his head once more. There was no way 
of doing it and yet it was done. Like the true 
researcher he refused to give up the quest; his 
afternoon was spoiled anyway. He followed to 
the next pitch having resolved that whatever the 
attraction of the new laid eggs and the titillating 
anticipation that one might be smashed, he would 
concentrate all his powers of observation on the 
hat. He did and was rewarded. How was it 
done? As simply as falling off a log.. Calmly, 
and without any hurry or furtiveness or attempt 
to dissemble his action, the conjurer whilst his 
wife was egging it precariously, walked down to 
the hat a cabbage in his hand. He put it under 
the hat and then returned to watch the final 
flight of the new laid eggs before they were rattled 
back into a bag. That was all. Twice before 
under his very eyes the conjurer had done the 
same thing; and twice the trained observer had 
failed to see him doing it. 

O! Patient reader if we may be deceived in 
such simple matters, a cabbage and a hat, into 
what depths may we not be led by the complexities 
of engineering? We grub and search amongst 
the minutiz whilst the big things are there under 
our eyes if we could but keep our attention upon 
them. How many thousands of axles failed at a 
sharp angle before engineers could see the obvious, 
and how many refused to be convinced until 
Coker with his photo-elastic apparatus gave 
ocular demonstration of the concentration of 
stresses. They had to be taken by the hand and 
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shown the conjurer putting the cabbage under the 
hat before they would believe it. It would be 
easy but rather boring to multiply instances. We 
can safely save ourselves the trouble by inviting 
every engineer to pick out from his own experience 
half a dozen cases in which the essential had 
been overlooked because attention was concentrated 
on something else. It is often said that the 
mathematician and _ scientist can solve any 
problem once it is clearly stated. That is the 
trouble. We cannot always see what the real 
problem is. We marvel at the skill of a conjurer 
taking rabbits out of a hat. What we should 
really be doing is marvelling at how he got them 
into it. That is what research work does. Sooner 
or later it leads us back and back through the 
patent facts to the obscure. When engineers 
first found that re-entrant angles weakened a shaft 
they put in fillets and left it at that. They had 
not found out either why the angle was the po- 
tential seat of fracture or why the fillet removed 
the danger. As we have said, Coker came along 
and showed them how it was done. They saw 
with their eyes the cabbage being put under the 
hat and then they believed. Goodness knows 
how many things of the same kind are happening 
daily. Nature is always conjuring for our benefit. 
She gives a continuous performance and we accept 
her tricks with complacency or an exclamation 
mark as the case may be. Very few of us trouble 
our heads about them. Some we leave to the 
research stations and others we let “ gang their ain 
gait ’’ even when with a little logical thought we 
might see the inwardness of their outwardness and 
profit thereby. 


The Distribution of Steel 


THE Government has taken steps to deal with 
the growing confusion in the distribution of iron 
and steel just in time. The Iron and Steel Control 
has had an impossible task under the system of 
licensing and exemptions in keeping supplies 
abreast of consumers’ requirements, but it must 
be admitted that although it was fighting a losing 
battle the Control has achieved as much as was 
possible under the powers at its disposal. Readers 
of our “ Markets, Notes and News” will have 
realised that the position was getting out of hand, 
and that the enormous war demands plus civilian 
requirements were more than the steelworks could 
cope with. The new plan is designed to bring 
order and equity in the distribution of steel 
materials. Consumers will be grouped in cate- 
gories under the appropriate Government Depart- 
ment. Each Department will receive an allocation 
of steel which will be divided between the groups 
coming under its control. It is understood that 
the requirements of the Government Departments 
will be settled by a committee upon which each 
Department will have representation. Hitherto, 
Government Departments have estimated their 
requirements, and frequently it has been found 
that they have been somewhat excessive. It is 
suggested that the new scheme will check this 
tendency, which is not unnatural in time of war. 
Whether the scheme could stand the strain of, say 
a naval engagement, or a push on the Western 
front seems rather doubtful, but at least it may 
prove sufficiently elastic to be capable of a rapid 
readjustment of allocations. From the steelworks’ 
point of view, the new system may straighten out 
the present difficulties by ensuring that works will 
not accept orders which will have little chance of 
execution for many months, since they will know 
in advance the actual tonnage they will be required 
to deliver. The position of consumers also should 
be rendered more secure, provided the scheme does 
not suffer any jolt from what is officially described 
as “enemy action.”’ It is claimed that consumers 
will be placed in a better position since they will 
be able to arrange their business programmes for 
three months ahead according to their allocation 
of steel. The scheme throws responsibilities not 
only upon Government Departments but also upon 
contractors and sub-contractors, and the intention 
is that each contract and the steel required for it 
shall be supervised by the Iron and Steel 
Control. 











The Development of the Heavy 


Oil Engine 


R. G. E. WINDELER has contributed the 

following written comments to the discussion on 
the paper presented -to the Diesel Engine Users 
Association by Messrs. T. Hornbuckle and A. K. 
Bruce, and entitled ‘‘ Herbert Akroyd Stuart and 
the Development of the Heavy Oil Engine.” 

The authors have clearly set forth and illustrated 
the fundamental features of the patents taken out 
by Akroyd Stuart, the results of his work, and 
their effect on oil engine designs. Unquestion- 
ably he did hit upon some interesting pioneer 
ideas, in particular the pre-combustion chamber ; 
the pre-heating externally of the pre-combustion 
chamber to assist starting ; the restricted passage 
between it and the power cylinder; and the 
possibility of injecting fuel oil separately and 
before the completion of the compression stroke. 

The external pre-heating of the surface of the 
pre-combustion chamber was actually in common 
use many years after the Diesel high-compression 
oil engine was an accomplished fact, and con- 
siderable numbers of the latter had been installed, 
even in this country. I well remember taking out 
on trial three Diesel oil-engined pinnaces for H. M. 
Navy, and finding alongside similar pinnaces 
equipped with the externally heated pre-com- 
bustion chamber oil engine, and I feelingly com- 
miserated with the engineers in their unavailing 
efforts to start these “Hot Bulb” engines. 
Whereas the high-compression engines were 
started from cold, and the boat was under way in 
90 seconds. 

It is clearly set out in the paper that Akroyd 
Stuart dealt with the use of a liquid hydrocarbon 
in an I.C. engine, whereas it is known that Diesel 
started off by trying to use a “ hard mineral fuel,” 
i.e. pulverised coal. In that respect Akroyd Stuart 
anticipated Diesel, but by no possible stretch of 
imagination can it be claimed that he did so in 
producing the high-compression oil engine. 

Diesel did not initiate air injection—that was 
done by Brayton, whose engine was made in this 
country by a well-known Leeds firm. 

Diesel did not initiate the use of liquid hydro- 
carbon—that was done by Akroyd Stuart, and 
others, including Brayton. 

Diesel did not initiate pilot ignition—that, also, 
was done by Akroyd Stuart. 

Diesel did, however, initiate high compression of 
the combustion air, which included automatic 
ignition without pre-heating, and, therefore, safe 
cold starting, as the fuel oil was introduced at the 
end of the C.S.—and with its resultant high ratio 
of expansion—gave the highest thermal efficiency, 
i.e. the lowest fuel oil consumption ever obtained 
at that time. This bold use of high-compression 
pressure gave the high-powered oil engine an 
impetus hitherto unexperienced in the history of 
the I.C. prime mover, and only second to the petrol 
engine. 

I cannot subscribe to the views—not, I observe, 
put forward by the authors—that Diesel was 
relatively inexperienced and impractical. Even 
to suggest how the fuel consumption could be 
reduced from 1-6 pints per B.H.P. hour to 0-5 lb. 
per B.H.P. hour, in one fell swoop, was an extremely 
practical piece of work, unequalled by any previous 
efforts of the most experienced men in the world. 
No doubt the development work on his engine cycle, 
like that of Akroyd Stuart, was carried out by 
engineers with special skill in designing, manu- 
facturing qualifications, and equipment. 

I do not agree with the suggestion that Lord 
Kelvin was responsible for the education of the 
English-speaking countries in the possibilities of 
the high-compression oil engine cycle. That was 
due to the very able and precise translation from 
the German, made by Mr. Bryan Donkin, on ‘‘ The 
Theory and Construction of a Rational Heat Motor,” 
written by Rudolf Diesel—an unqualified gift of 
considerable value to British engineers. 

It is not exactly correct to say that Diesel 
patents were not contested even in Great Britain. 
In the year 1900, at the Glasgow Exhibition, there 
was shown—and for a short time it was permitted 
to run at the exhibition—a single cylinder, vertical 
high compression, internal combustion engine, 
using “ powdered coal” as fuel. The inventor, 
whose name I believe was Campbell, claimed 
and advertised that he had invented the high 
compression engine, and anticipated Diesel. The 


engine was prevented from running throughout the 
exhibition time by an injunction, as it set up 





unpleasant vibrations and distributed coal dust 
over the neighbouring stands. Diesel patents were 
stoutly contested in the United States of America 
(an English-speaking country), and were upheld. 

I take note from the introductory remarks made 
by Mr. Bruce that the authors disclaim any 
intention of attributing to Akroyd Stuart more 
than is properly due to him. The paper does not 
state that Akroyd Stuart built a high-compression 
oil engine, and whatever may be the ideas covered 
by his patents—and they are, indeed, of extreme 
value—it was Diesel who first used the high 
compression pressure in an actual engine. I was 
intimately associated with the reconstruction, 
in the year 1901, of the first Diesel engine built in 
Great Britain (in 1897), and I do not forget the 
outstanding opposition to the high combustion 
pressure, &c., against which I had to contend in 
selling Diesel engines. On page 13 of the authors’ 
paper the following statement stands out quite 
clearly :—‘‘ It must be remembered that when 
Akroyd Stuart first adopted the vaporiser with 
contracted neck, compression pressures were very 
low, whereas to-day compression pressures. . . 
are out of all proportion higher.” 

I repeat, however, that Akroyd Stuart antici- 
pated Diesel in the use of liquid hydrocarbon for 
I.C. engines. He also suggested the use of pilot 
oil ignition—a very important contribution, and 
one which will be greatly used in connection with 
the convertible oil/gas engines using the high- 
compression cycle. He also originated the pre- 
combustion chamber so much used to-day, and the 
contracted neck between this chamber and the 
power cylinder. The non-air injection, high- 
compression oil engine of to-day—originated and 
intensely developed in this country for land, marine, 
and road transport purposes—works on the 
“ Dual” cycle, and has permitted the very rapid 
development of the comparatively simple, light- 
weight, high speed, high-compression oil engine. 

In respect to the down-draught producer claim, 
this was, and is, of greater importance than is 
generally understood ; and whilst there are similar 
claims by others, I feel that Akroyd Stuart did, 
at least, appreciate at a very early period of his 
Western Australian experience the thermal 
advantage of burning wood fuel direct in a gas 
producer, instead of first reducing it to charcoal 
and afterwards using it as a fuel. Also, he did 
appreciate the advantage of directly burning off 
the tar within the combustion chamber of the 
producer. In this connection I have read the 
written contribution of Mr. Degenhardt with 
considerable interest and instruction, and cannot 
help feeling that he has been extremely modest in 
regard to his share in the practical development 
of the down-draught wood fuel gas producer, and 
the work he did in removing the incipient difficulties 
and failures which developed in the early stages. 

It should be remembered that the producer had 
to be made suitable for reliable working in remote 
areas, where water and fuel were extremely diffi- 
cult to obtain, and where engineering facilities 
were of a comparatively rough and ready character. 

It is rather interesting to note the plea—not 
made by the authors—that Akroyd Stuart was 
the originator of the high-compression oil engine, 
and yet all firms manufacturing high-compression 
oil engines are most anxious to “ tell the world ” 
and liberally advertise the fact that they are 
making Diesel engines. Even firms who main- 
tained the lower maximum pressure pressures 
claimed to be making semi-Diesel engines. 

Suggestions have been made that the title of 
this association should be modified. It should be 
remembered that the association came into being 
when Diesel oil engines were installed in this 
country, and that we have since broadened our 
scope and activities by even including gas engines 
and gas producers in our annual bulletin, thereby 
definitely bringing to notice the possibilities of 
working existing high-compression oil engines safely 
on gaseous fuels by using pilot fuel oil ignition. 

As a member of the ,D.E.U.A., may I respect- 
fully submit to the engine builders of the British 
Empire that they carefully reconsider their own 
attitude in this matter of nomenclature, and be 
prepared to drop the title of Diesel in all their name- 
plates, advertisements, catalogues, papers, &c. 
Then the D.E.U.A. may possibly get an idea of the 
most appropriate change to adopt if they do ulti- 
mately decide to make a re-arrangement of title. 
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Feed Heating.—Much discussion arose from this | 
paper ; and the question of whether or not there 
was sufficient auxiliary steam available to raise | 
the temperature of the condensate to a reasonable 
degree was evidently one upon which there was | 
much divergence of opinion. But there is no doubt | 
that from 1910 onwards the proper use of feed | 
heaters and the economical disposal of auxiliary | 
exhaust steam received ever increasing attention. | 
Feed heaters supplied with heating steam direct 
from the boiler have for long been a standard part 
of a marine installation. Used in this fashion 
they obviously do not increase the efficiency of the 
plant since the heat absorbed by the feed in the 
heater is no less than would be given to it if 
pumped into the boiler direct. Experience had 
shown, however, the evil effect of delivering cold 
water into the ordinary Scotch boiler, so the 
introduction of the high-pressure steam feed heater 
may be looked upon as a means of keeping down 
boiler troubles. 

Stage Feed Heating—But there had been a 
proposal many years before to use feed heaters in 





stages and this it will be seen offered not only the | 
possibility of high-temperature feed water but also | 


the attraction of a reduction in fuel consumption. 
To understand this it is necessary to make a very 
brief reference to the Stirling regenerative cycle as 
introduced by the Rev. Robert Stirling, parish 
minister of Galston, near Kilmarnock, in 1827. In 
this cycle the outstanding feature is that the 
temperature of the working substance is raised 
from its minimum to its maximum value by with- 
drawing heat fram itself during expansion. The 


ideal Stirling cycle as applied to the steam engine | 


is traced upon the temperature-entropy diagram 
shown in Fig. 5. During the expansion bc heat 


is extracted in an infinite number of feed heaters 
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FIGS. 5 AND 6—TEMPERATURE-ENTROPY DIAGRAMS OF 
STIRLING CYCLE AND TRIPLE EXPANSION ENGINE 


thus raising the water from condenser to boiler 
temperature (stage da). Somewhere about 1887 
it was proposed by the late Mr. J. Weir to Professor 
Cotterill that some approach to this cycle might 
be obtained by using what is now known as stage 
feed heating. The process is illustrated in Fig. 6 


which shows approximately how the system is | 


applied in the triple-expansion engine. The 
steam for feed heating is taken from the inter- 
mediate- and low-pressure steam chests and the 
amounts of heat extracted are shown by the stepped 
lines. A full discussion of the. principles of stage 
feed heating and the gains in efficiency to be 
expected from its adoption in compound, triple-, 
and quadruple-expansion engines are included in a 
paper given by Professor A. C. Elliott in 1895 to 
the South Wales Institute of Engineers (Engin- 
eering, 1895). Very little attention was given to 
the application of this method of feed heating to 
marine installations until comparatively recent 
times, but on land the principle has been widely 
adopted. The usual excuse, that such a system 
introduced complications and that, therefore, it 
had no practical value for use at sea had been 
repeatedly pressed but, as will be seen later, some 
modern examples of marine engines have employed 
stage feed heating to a somewhat remarkable degree. 
It will scarcely be necessary for me to state to 
anyone associated with marine engineering how 
much of the modern progress in the application of 
feed heating is due to the firm of Messrs. G. and 
J. Weir, Ltd., of Cathcart, but it is a pleasure to 
remind you that the principle of stage feed heating, 





* From the Thomas Lowe Gray Lecture, Institution of 
Mechanica] Engineers, March 15th. 


the adoption of which has had such influence 
upon the design and performance of our modern 
land power installations, should have been first 
advocated by one of the original founders of that 
firm. 
Stream TURBINES 

Turbine Troubles: Distortion—It is not my 
intention to spend time in discussing modern 
| examples of steam turbine drive, but it does appear 
worth while to make some reference to the troubles 
encountered in the early days of development. 
It might be argued that the troubles and failures 
generally originated in constructional form and 
details, conditions of operation,. weakness of 
material, and in the general dynamic effects 
created by the enormous speeds at which action 
in a steam turbine takes place. Some of the 
effects due to these high speeds could not have 
been foreseen and indeed when they became evident 
the result was to compel a new study of the theory. 
of rigid dynamics and to show that some of the 
finer issues of the theory of vibrations had a 
definite place in engineering design. In fact the 
value of the scientific mind to engineering progress 
became particularly evident during the develop- 
ment stage of the turbine, and problems were 
solved with mathematical equations that might 
have taken generations to overtake with trial and 
error methods. 
| It must have been particularly exasperating to 
‘early turbine designers to learn from amateur 
| engineers of the wonderful simplicity and reliability 
of the turbine as compared with the reciprocating 
engine. The simplicity, alas, was more apparent 
‘than real and only those in direct contact with 
turbine production can realise the immense 
‘amount of thought, research, and experience that 
| have been necessary in order to bring the marine 
| turbine to its present state of perfection. 
| Let us consider a few of the troubles that 
presented themselves to the engineers in the early 
|stages of turbine development. One of these 
| comes under the heading of distortion and a costly 
|form of trouble it has, on occasions, shown itself 
'to be. It arises from irregular heating in starting 
|up; from uneven temperature variation in 
‘running ; from sudden temperature changes due 
| to alteration of load ; or from a restricted freedom 
for necessary expansion. At first sight it may be a 
little difficult to believe in severe distortional 
| effects in a machine of such symmetry and steady 
conditions as a steam turbine. The symmetry 
is, however, more apparent than real, and examina- 
tion of any turbine design will reveal complexities 
of shape and varieties of thickness and form. 
To the general public news of failures due to dis- 
tortion are generally derived from accounts of 
| accidents on large land turbines, but they had 
been experienced twenty-five years ago or so with 
large direct-coupled marine turbines. Blade rub- 
bing or stripping, loose wheels, local heating 
resulting sometimes in a bent spindle, have all 
been experienced. It says much for the designer 
and operator that even in our modern huge 
examples, distortion troubles are no longer the 
nightmare they once were. 

The problems of turbine construction have given 
a great impetus to the study of materials, more 
particularly to those non-ferrous metals and alloy 
steels suitable for blading. Apart from the blading, 
the problem of materials has been relatively 
simple, although it took a fairly long period of 
actual service experience to establish this sim- 
plicity. For casings, cast iron is the usual material 
so long as the temperature conditions are moderate. 
It was found at an early stage that for tempera- 
tures above 450 deg. Fah. troubles from growth 
and deterioration might arise with the type of cast 
iron then available, so for the higher temperature 
limits cast steel is the material in common use. 

Blading.—It is, however, with the blading that 
the quality of materials is most severely taxed, 
and it is of interest to trace the two main tendencies 
that have been evident in the evolution of blade 
| material. One of these arose from the desire to 
| avoid corrosion by the use of non-ferrous blades 
that weaken at high temperatures, and the other 
| from the compulsory employment of high-tensile 
steels that were actually corrosive. The difficulties 
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associated with blading are best appreciated by 
considering the qualities asked for in the ideal 
material. Thus a non-corrodible metal is required 
that can withstand the action of high-speed high- 
temperature steam jets when it is being subjected 
to severe steady stress, repeated bending stress, 
and probably vibratory stress. It has also to 
lend itself to ready methods of manufacture and 
such as will ensure freedom from surface cracks or 
internal defects. The specification is one that is 
difficult to fulfil and it is a triumph of metallurgical 
research that such progress has been made that, 
even under the severe temperature and speed 
conditions of to-day, failures are so relatively rare. 

The reason for so strict a specification is obvious 
when some consideration has been given to the 
conditions under which blading has to work. 
Instead of the perfectly continuous and regular 
steam action commonly conceived it must be 
realised that any particular blade is changing its 
disposition relative to the operating jet with great 
rapidity and that the blade must undergo cyclic 
changes of force in the course of a revolution, if 
there should be any irregularity of jet distribution 
in the nozzle circle. There are cases in which this 
irregularity is deliberately created by partial 
admission or by nozzle governing, but, apart from 
these, there must be in any jet arrangement 
certain minor disturbances sufficient to produce 
rhythmic variations in the action. Thus we have 
the steady centrifugal stress, generally severe due 
to the very high blade speed, acting along with 
varying stresses due to load transmission and 
possibly repeated stresses due to vibration. In 
addition, there are possibilities of erosion caused 
by solid particles in superheated steam, and 
water particles in saturated steam, and of corrosion 
due to the humid internal atmosphere during 
periods of rest. Under such conditions it is not 
surprising that the journey to the blading material 
of to-day has been marked by failures and that, 
even now, perfection has not been reached. But 
the study of blading history does show in a re- 
markable degree how the combination of scientific 
research and practical experience can be guaranteed 
to solve within reasonable time even the most 
difficult problems with which the engineer can be 
faced. 

Disks.—In addition to blade vibration, con- 
sideration must also be given to the possibilities c 
vibration of the blade wheels or disks. At one 
time serious turbine wrecks were distinctly trace- 
able to the weakness of disk wheels under the 
vibratory stress arising out of synchronism be- 
tween some natural mode of vibration and an 
impressed rhythmic force of high frequency. 
Wheel vibration is a much more complex matter 
than blade vibration, but its results are similarly 
manifested in fatigue failures. The investigation 
of such vibration is of great theoretical difficulty ; 
and much mathematical skill and ingenuity has 
been expended upon it. A large amount of 
experimental work has also been devoted to it 
with electrical devices designed to vibrate the disks 
both when stationary and revolving. As a result 
of such research, carried out over a series of years, 
the situation is now much easier and manufacturers 
can design their disks with a reasonable feeling of 
security. 

Gearing.—The most advertised difficulty in the 
development of turbine propulsion was that 
connected with gearing, where the alarming feature 
was that the failures encountered developed long 
after what might have been considered as the pro- 
bationary period. The problem thus put to the 
engineer was probably more difficult than any 
connected with the turbine itself. With the latter 
the difficulties were, on the whole, well understood, 
but with gearing there was no definite point of 
view and no one was prepared to state that failures 
had been traced to some fundamental fault. This 
can be well seen by anyone who cares to study some 
of the papers appearing in the proceedings in the 
technical journals during, say, 1922 and 1923. 
Here we shall find some engineers blaming the 
steelmakers for the quality of the material provided 
for wheels and pinions, while others put down all 
the troubles to torsional oscillations. Pitting 
was attributed to the failure of lubrication at the 
instant of pure rolling action and brought as a 
reply that, at this point, lubrication was most 
effective. Added to these are discussions dealing 
with the respective merits of floating and rigid 
frames, tooth loading, tooth and alignment faults, 
and excessive bearing clearances. 

In reviewing the progress of gearing it will be 
found that single-reduction gears had been built 
in large numbers for naval vessels and were fitted 
in quite a large number of merchant ships. Only 
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in very few cases had they given trouble, and it 
may be fairly stated that there was very little 
doubt regarding the reliability of the system. 
Double-reduction gears when introduced were 
essentially a fitting for merchant ships, and by 
1918 the tendency to use them had become very 
pronounced. An early article appeared in Engin- 
eering in 1920 referring to difficulties experienced 
with gearing and developing the film breakdown 
theory. During 1920 and 1921 the floating frame 
versus rigid frame controversy developed in which 
the merits of the former were ably sustained by 
McAlpine. But it was after the presentation of the 
two papers by Smith and Wilkie before the 
Institution of Naval Architects in 1922 that the 
real controversy began. It was carried through 
1922 and 1923, specially marked by fierce dis- 
cussions on dynamic matters between a special 
few, while other contributors wandered all over the 
field of materials, accuracy of cutting, periodic 
errors, fitting, and lubrication. 

A brief outline of the experiences of the S.S. 
‘‘ Melmore Head * may serve to bring home to the 
younger members some idea of the seriousness of 
the problem. In this vessel altogether three 
sets of gearing were fitted in the original gear 
cases and all three proved equally unsatisfactory. 
Noise in the engine room presented one of the 
chief difficulties, causing geat inconvenience to the 
staff. It was quite apparent that the teeth were 
hammering each other in a manner which soon 
produced excessive wear with heavy pitting and 
grooving and continual choking of the oil filters 
with steel particles from the teeth. Vibration of 
the gear-case with its pipes and fittings was also 
a serious source of trouble and gave rise to frequent 
breakages of the oil pipes, with loss of oil and 
consequent menace to the safety of the ship. The 
first set of gears collapsed through excessive wear 
and the development of heavy end movement of 
the pinions after completing 25,000 miles. In the 
second installation the hammering of the pinion 
fractured the second reduction gearing, stripping 
all four pinions and the main wheel after running 
14,000 miles. The third set were only prevented 
from hammering themselves to destruction by re- 
ducing the speed of the ship from 11 to 7 knots. 

At this time Professor J. H. Smith of Belfast 
was consulted and after examining the system he 
came to the conclusion that the trouble was caused 
by torsional oscillations set up primarily by periodic 
action arising from the propeller blades. He 
conceived the notion of varying the flexibility of 
the shafts connecting the turbines to the primary 
pinion so as to bring the node in the oscillating 
system to the gearing, thus inventing what be- 
came known as the “ nodal drive.” The changes 
to the nodal drive were made with gratifying 
results. The immediate effect was to eliminate 
the hammering in the gear-case and the vibration 
in the pipes and fittings, and when Mr. Wilkie’s 
paper (1922) was read the ship had completed 
100,000 miles at full speed with the third set of 
gears without the slightest trouble. For some time 
the nodal drive became popular and a number of 
ships fitted with the gear gave satisfactory service. 
3ut those who think that the success of Professor 
Smith convinced his critics of the correctness of 
his nodal drive theory should read the discussions 
on Mr. Wilkie’s paper and the subsequent con- 
troversy in the technical journals. After 1923 
the controversy died down and little has been heard 
since then of gear trouble. 

Effects of Pressure and Temperature upon Effi- 
ciency.—Although in this lecture I do not propose 
to speak in any detail of recent examples of marine 
engineering, yet some account must be given of 
the modern tendencies in turbine development. 
In the continual search for economy, pressure and 
temperature increases are the obvious means of 
reducing fuel consumption and many papers have 
been written with the object of showing to what a 
great extent economy could be increased if only 
engineers were brave enough to use extreme 
pressure and temperature conditions. Also, as 
previously mentioned, stage feed heating presents 
some attractive features, and reheating must be 
accepted as a possible means of increasing both 
efficiency and output. Some years ago [ was 
asked to make an investigation into the effect of 
pressure and temperature upon turbine per- 
formances, and the result was a paper presented by 
Professor Kerr and myself to the North-East Coast 
Institution of Engineers and Shipbuilders (1924— 
25). In this paper we attempted to discuss not 


only the increases in efficiency but also the in- 
creases of losses accompanying rising pressures. 
The result was of interest since it showed, contrary 
L believe to all previously published papers, that 
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there was a pressure limit beyond which it was 
inadvisable to go even when every advantage was 
taken of reheating and stage feed heating. The 
subject was again discussed in a paper presented by 
Professor Kerr and myself before this institution 
in 1927; and Fig. 7, reproduced from that paper, 
shows our main conclusions. From this it will 
be seen that beyond a pressure of 1000 Ib. per 
square inch the possible rise in efficiency is very 
small indeed and that the true pressure limit 
could be taken as somewhere between 1000 and 
1500 Ib. per square inch. In preparing this 
diagram an initial temperature of 900 deg. Fah. 
was taken, and the cycle assumed two-stage 
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FIG. 7—EFFECT OF PRESSURE UPON EFFICIENCY 


reheating and extraction feed heating in the number 
of stages best suited to the pressure. The re- 
duction in effective work due to the feed pump is 
also taken into account. 

The cycle considered in preparing Fig. 5 is 
obviously fitted for land machinery only and in 
considering plants at sea it was stated that 
‘Marine plants must operate well within any 
limits established by such methods as have been 
used herein. In ship applications many other 
factors beside ultimate economy will control 
pressure and temperature advances. No doubt 
as land practice progresses, marine plants will 
likewise advance, but equal forward steps must 
not be looked for. Thus, while a certain amount of 
extraction feed-heating is possible in a ship 
arrangement, the reheating difficulties are extreme 
and it is very unlikely that such a process could 
be considered as applicable.” In the discussion 
following the paper it appeared to be generally 
agreed that pressures in the neighbourhood of 
1000 lb. per square inch would be quite unsuitable 
on board ship and that reheating represented a 
complication that would always be avoided. Yet, 
as illustrating the danger of making dogmatic 
statements and also the rapidity with which 
changes are now being made in the mercantile 
marine, it can be stated that vessels are now in 
service with pressures well above 1000 lb. per square 
inch and temperatures slightly above 900 deg. 
Fah. Thus we have the “ Uckermark ”’ fitted in 
1930 with a Benson boiler operating at 3200 lb. per 
square inch and several other vessels also with 
Benson boilers at a working pressure of 1150 lb. per 
square inch, the “ Conte Rosso ” equipped with a 
Loeffler boiler working at 1900 lb. per square inch, 
using steam superheated to 921 deg. Fah. and 
with one reheating stage in addition; also the 
* Kertosono ”’ fitted in 1936 with a Sulzer mono- 
tube boiler working at a pressure of 850 Ib. per 
square inch and a temperature of 715 deg. Fah. 

While developments were proceeding on turbine- 
equipped ships the reciprocating-engined vessel was 
also making progress. Superheated steam was 
tried, at first with caution and also with many 
failures, and some years ago it was a common sight 
to see in the same dock one ship having its super- 
heaters removed while another was being supplied 
with them. One of the operating difficulties arose 
from the fact that little attention was given to the 
conditions likely to arise under very light loads, 
so that in some circumstances the superheater 
acted as a condenser with disastrous results when 
the steam reached the engine. The simple slide 
and piston valves have also been replaced, to 
quite an appreciable extent, by separate steam and 
exhaust valves. These may be drop valves, 
similar to those in use on land engines, although 
preference is shown by some manufacturers for 
the balanced slide valves of the Andrews and 
Cameron type. 

But perhaps the most unexpected development 
has been that of reheating, introduced by the North- 
Eastern Marine Engineering Company, Ltd. First 
tried in an existing vessel in 1933, the results were 
so encouraging that two new vessels, the “ Lowther 
Castle ”’ and the ‘“‘ Lancaster Castle,” were equipped 
with superheaters and reheaters and put into 
service in 1937. In these vessels the steam leaves 





the boilers at 220 Ib. per square inch and 775 deg. 
Fah. and passes through the reheater tubes where 
its temperature is reduced to 600 deg. Fah. It 
then enters the high-pressure cylinder and after 
exhaust passes round the outside of the reheater 
tubes where its temperature is raised to 575 deg. 
Fah. before it enters the intermediate-pressure 
cylinder. Separate steam and exhaust valves of 
the double-beat type are used in the high-pressure 
and intermediate-pressure cylinders and a balanced 
slide valve in the low-pressure cylinder. Ilustra- 
tions of marine engines showing the interheater 
mounted on the main columns are given in Figs. 

















FIG. 8—RECIPROCATING ENGINE WITH REHEATER 
APPARATUS 


8 and 9, and it must be acknowledged that the 
** complications ’’ so much dreaded in advance are 
not at all such as need cause alarm. 

Combined Reciprocating Engine and Exhaust 
Turbine.—By far the most interesting of the many 
attempts to increase propulsive efficiency is to be 
found in the combined reciprocating engine and 
turbine of which there are so many examples to- 
day. The superiority of the turbine in taking 
advantage of the lower portion of the steam 
expansion curve had been long known, and 
the problem of utilising the energy discharged 
into the condenser with the steam leaving 
the low-pressure cylinder of the reciprocating 
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9—RECIPROCATING ENGINE WITH REHEATER 
APPARATUS 


FIG. 


engine had attracted many minds. The combina- 
tion of reciprocating engines and turbines had also 
been made long before and used to an appreciable 
extent. In the destroyer * Velox” small triple- 
expansion engines had been fitted by Parsons for 
use at cruising speeds, and the steam from these 
engines exhausted through the turbine to the main 
condenser. The ‘* Otaki,” built in 1908 by Messrs. 
Denny Brothers, with three propeller shafts, had a 
reciprocating engine driving each of the outer 
shafts and exhausting to a turbine mounted on 
the central shaft. A number of similar installa- 
tions were made on quite large liners such as the 
“ Olympic ” and “ Titanic.” 

It is probable, however, that such sets were 
originated mainly to get over the difficulty, pre- 
viously mentioned, of using a naturally high-speed 
motor to drive a naturally slow-revolution propeller 
shaft. When once gearing had become popular 
the attractiveness of this particular solution of the 
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propeller problem disappeared and the combination 
set was abandoned. However, the suitability of a 
combined plant for moderate-sized cargo boats and 
the increased economy that such an installation 
appeared to offer again attracted attention to the 
subject and within recent years many propositions 
involving different solutions of the exhaust energy 
problem have been put before the marine engineer. 
It would be impossible to deal here with these in 
detail but an~ excellent account of the more 
prominent of the different systems will be found 
in a paper presented to this Institution by Dr. 
Sneeden in 1936. Here will be found not only 
detailed descriptions but also an analysis of the 
performance of the plants working on the various 
systems, 

An illustration of a plant made by Messrs. 
David Rowan and Co., Ltd., is shown in Fig. 
10, from which will be gathered the ease with 
which the turbine addition can be accommo- 
dated in the engine room. Trials at sea have 
shown that by the adoption of the Gétaverken 




















10—ENGINE AND EXHAUST TURBINE SET, 
GOTAVERKEN SYSTEM 


FIG. 


system an increase of efficiency of over 18 per cent. 
can be attained. 

There are further possibilities in the attainment 
of increased efficiency and reduced weight by the 
employment of high-speed reciprocating engines 
combined with gearing, and success in this direction 
has been attained in many instances. There are 
also possibilities of the combined high-speed re- 
ciprocating engine and the exhaust turbine both 
driving through gearing to the propeller shaft. 
Successful examples of this system, characterised 
by high efficiency, have been made by the White 
Marine Engine Company, Hebburn- on - Tyne. 
It would also appear that simplicity of manufacture 
and increased efficiency might also be obtained 
through omitting the low-pressure cylinder, using 
only two expansion stages in the engine and giving 
a greater output to the turbine. All cylinders 
could be then of practically the same size—one high- 
pressure and two intermediate-pressure—and mass- 
production methods could thereby be facilitated. 





BorLers 

Those with knowledge of boiler design of fifty 
years ago will acknowledge that little science was 
then exercised in the proportioning of steam 
generators. An allowance of so many square feet 
of heating surface per indicated horse-power for 
natural draught, and a lesser value for forced 
draught, were the main factors to be borne in 
mind ; experience and the rules of the Board of 
Trade or the registration societies settled the rest. 
But such a state of affairs could not last and the 
necessity for weight reduction and _ increased 
efficiency compelled the engineer to call in the aid 
of the scientist and to make use of laboratory 
research. To understand modern developments 
some attention must be given to the manner in 
which the heat of combustion is given up to the 
heating surface and then transmitted to the water, 
steam, or air. Radiant heat transmission may be 
first considered, and nothing is so notable in the 
modern steam generator as the large proportion 
of the surface that is designed for the reception of 
radiant heat. In land installations this is specially 
marked, but even in some marine examples it will 
be found that all sides of the combustion chamber 
are lined with tubes which receive nearly all of their 
heat by radiation from the burning fuel. Reference 
to Fig. 11, which shows the combustion chamber 
of a marine La Mont boiler illustrates this point. 
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The remainder of the heat produced by com- 
bustion is absorbed by convection and it is re- 
markable that the laws relating to heat transference 
under convection conditions from the gases to the 
heating surface on one side and from the heating 
surface to the water or steam on the other side 
have been, until recently, so little known to 
engineers. The first expression of these laws was 
made by Professor Osborne Reynolds in 1874, 
when he showed that, apart frem radiation, the 
quantity of heat imparted by a fluid to an adjacent 
surface was proportional to the rate at which 
particles or molecules pass backwards and forwards 








FIG. II—COMBUSTION CHAMBER OF LA MONT BOILER 


from the surface to any given depth within the 
fluid. From this it became evident that the amount 
of heat transmitted from the gas to a given surface 
per unit of time was proportional to the product 
of the speed and density of the gas and the tempera- 
ture difference between gas and metal walls. 
Obviously, for high rates of heat transmission high 
gas speed is desirable. 

Experiment has shown that water is easily 
capable of taking from the heating surface all the 
heat that the gases can put into it. Also, that 
once the water is circulating over the surface at a 
reasonable speed, increase of water velocity has 
little effect upon the heat transmission rate. 
But, with high rates of heat transference from the 
gases, rapid evaporation follows, with the result 
that over part of the heating surface the heat is 
being received by a water-steam mixture. If little 
water is present overheating will take place unless 
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FIG. 12—DIAGRAM OF HEAT TRANSMISSION RATES 


the velocity is sufficiently high. The importance 
of a positively controlled circulation where high 
heat transmission rates are required is clearly 
indicated. 

Some idea of the effect of gas speed upon heat 
transmission rate from hot gases to water through 
an intervening metal plate may be obtained from 
Fig. 12, which showsthe results of some experiments 
made in 1912 (Royds 1914-15). 

In 1910 an important paper was read in Glasgow 
by the late Professor J. T. Nicolson, dealing with 
the use of high gas speeds for boilers. For some 
years Nicolson had been impressed with the value 
of Reynolds’s work and with the help of our former 
President, Dr. Daniel Adamson, he had designed 
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and made an experimental plant in which high 
forced draughts up to 30in. water gauge were 
employed. The value of the work done by 
Nicolson in preparing the way for the modern high- 
duty boiler cannot be over-estimated. Forced 
and controlled water circulation through econo- 
miser and evaporator tubes and high speeds with 
definite paths for the hot gases over the heating 
surfaces anticipated the main features of many of 
the modern examples of the high-duty steam 
generator. In addition he laid emphasis upon 
the importance of radiant heat reception and gave 
practical examples of how it could be calculated. 
DigsEL ENGINES 

In the early stages of development many 
troubles were experienced with diesel machinery 
when in service. Cracked cylinder heads, liners, 
and pistons were of fairly frequent occurrence ; 
ignition and carbon formation troubles were not 
unknown; and little information was available 
on the effects of different qualities of fuel oils 
upon running performance. To-day such troubles 
are rarely experienced and the majority of the early 
running difficulties have been overcome by the 
designer and builder. For the greater part the 
improved situation has been due to systematic 
research and experiment and to the consequent 
better appreciation of the conditions obtaining in 
the cylinder during the working cycle. For such 
work much credit is due to the British Marine Oil 
Engine Manufacturers’ Association, the members of 
which in 1917 decided to institute a research 
section in order to investigate some of the out- 
standing problems associated with the design and 
service operation of diesel engines. 

A commencement was made with a series of 
investigations upon cast iron in order to find the 
quality of metal most suitable for cylinder and 
piston parts. Work upon the strength of cast 
iron at high temperatures was instituted, and 
during the investigation it was soon appreciated 
that only tests of long duration, in which the 
material was continually stressed while at high 
temperature, could give reliable results. Other 
experiments were made upon wearing properties, 
and upon growth after repeated heating and cooling, 
until finally a composition was arrived at with 
which high tensile strength, resistance to growth, 
and good wearing properties were associated. 

At the same time the necessity was appreciated 
of ascertaining the temperatures attained by the 
metal of the cylinder heads, liners, and pistons under 
working conditions. With this object researches 
were put in hand with an experimental engine 
fitted with thermocouples from which were ascer- 
tained the maximum temperatures which the 
cylinder parts were likely to attain. 

With these points settled, attention was directed 
to possible improvements in the fuel injection 
apparatus, and experiments were made to in- 
vestigate the effects of different types of spraying 
upon efficiency and cylinder temperature con- 
ditions. Special study was given to carbon forma- 
tion at the flame plate, and methods of overcoming 
this difficulty under long-continued runs at high 
loads were discovered. Systems of both air and 
mechanical injection of the fuel were also investi- 
gated and the thermal and mechanical efficiencies 
of the engine under both conditions determined. 
The effects of different qualities of fuels were also 
considered, and the working properties of boiler 
oils and oils from different systems of low-tempera- 
ture carbonisation were fully demonstrated. 

The advantages that might arise from super- 
charging were early recognised and researches 
were made to ascertain to what extent this system 
of air supply could be used with safety to increase 
the power developed. Full information was also 
obtained not only upon the relationship between 
mean effective pressure and degree of supercharging, 
but also upon the temperatures attained by the 
cylinder parts under conditions of supercharging. 

Great credit must also be given to the work of the 
Marine Oil Engines Trials Committee, founded 
through the joint action of our institution and the 
Institution of Naval Architects. This committee 
was appointed in 1922 and has now presented six 
reports which are to be found in our Proceedings. 
The engines dealt with in these reports were of the 
following types: Beardmore-Tosi, Scott-Still, 
Doxford, Fullagar, Werkspoor, and Polyphemus. 
It would be difficult to over-estimate the value 
of the work of this committee to diesel engine 
builders and shipowners. It. established the fuel 
consumptions under a large range of conditions 
for a number of widely differing types of engine 
and demonstrated the capabilities of the diesel 
engine in responding to a rapid succession of orders 
from the bridge. 
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In the side stages of aaah of the engine, 
one unexpected trouble arose which proved a 
costly experience to many builders. This was the 
torsional oscillation problem of which, in one form 
or other, most makers have now had some example. 
Once more the assistance of the mathematician 
was called for and soon the main features deter- 
mining the dangerous critical speeds were fully 
known. To-day the calculation has become a 
routine one and before shaft dimensions are finally 
decided the speeds at which trouble might develop 
are carefully estimated. There is, however, one 
feature of these calculations to which attention 
might here be called. It is almost impossible to 
avoid some order of critical speed when running 
up to full power and there is also the difficulty that 
some order might be stimulated at a speed quite 
close to that under which some running condition 
might be desirable. Under such circumstances it 
is important to know the working stresses to which 
the shaft is subjected and this can only be dis- 
covered by a combination of mathematical and 
experimental research. The difficulty here is to 
find the amount of damping experienced in the 
engine, a quantity which, it will be recognised, 
can only be determined by experiment. In this 
connection I should like to refer to the valuable 
paper presented to this institution by Dr. Shannon 
(1935), in which he showed how the influence of 
damping might be estimated and paved the way to 
a complete appreciation of its value. 

At the summer meeting held in Glasgow in 1923 
some attention had been given (Mellanby 1923) 
to the trend of local practice at that period. It 
was shown that the popular method of fuel injection 
was by compressed air. Out of six different types 
of engine that were then being built on the Clyde 
only one, the Scott-Still engine, had mechanical 
injection. Even in 1930 it was possible to say that 

‘the use of blast air for fuel injection is still 
popular and many engineers are unwilling to break 
away from this device. There has been, however, 
in several quarters an intensive study of mechanical 
fuel injection processes and it is likely that the 
results of this experimental work will shortly show 
fruit.” 

At the present time the airless injection system 
appears to hold the field and in view of the early 
discussion on the relative efficiencies of the two 
systems it is of interest to note that Mr. Sterry 
B. Freeman in his recent communication to the 
institution (1939) quotes the fuel consumption 
per shaft horse-power-hour for an air injection 
engine as 0-44 lb. and for airless injection 0-355 Ib. 
These are figures somewhat different from those 
anticipated some years ago when the extra cost 
and complication introduced by the use of a blast- 
air compressor was always claimed to be com- 
pensated for by the increased efficiency of com- 
bustion. 

In 1930 it was also stated that in Great Britain 
there appeared to be little evidence of the approach 
of the much-discussed standard design. During 
1929 the majority of the engines installed in ships 
were of the four-stroke cycle type although an 
increasing interest was being shown by builders 
and shipowners in the design of two-stroke cycle 
machines. Developments were also taking place 
in the manufacture of double-acting engines and 
by that time examples of both the four-stroke and 
the two-stroke cycle types had been completed. 

Of the engines tested by the Marine Oil Engines 
Trials Committee several are no longer built. 
These include the Beardmore-Tosi, the Scott-Still, 
and the Fullagar. The Scott-Still engine on the 
M.V. * Dolius ” had the highest efficiency of all 
those tested by the committee and is, I understand, 
still running with remarkably low fuel consumption. 
Why the Fullagar engine was abandoned I have 
never been able to understand, since it has since 
been developed largely for land purposes and has a 
high reputation for fuel efficiency and reliability. 





Srupy or TURBINE BLADES IN OPERATION.—At a 
meeting of the American Institution of Electrical Engi- 
neers, Messrs. M. W. Smith and F. T. Hague described an 
optical system devised for the study of rotating turbine 
blades. It is effected by fitting small mirrors inside eight 
different blades in the first and second rows of blades on 
the rotor of an experimental turbine. A light beam pro- 
jected through a hole in the turbine shaft is reflected by 
an inclined mirror to the mirror in the whirling blade being 
photographed and then back through the shaft to the 
stationary camera. By taking pictures every one-half 
second on the moving film an exact record of blade per- 
formance can be obtained for any desired set of operating 
conditions. It was pointed out that for each 20 degree 
increase in temperature the plastic flow or creep rate of the 
steel turbine blades receiving the first impulse of 
the incoming steam is doubled and other physical 
characteristics are adversely affected. 
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Large Four-Furnace “Economic” Boiler 





OR some time Cochran and Co., Annan, Ltd., have 
been supplying in addition to the familiar vertical 
boiler, others of the horizontal dryback type, more 
usually called ‘ Economic” boilers, which embody 
special features of design, including the Cochran- 
Kirke patented ‘‘ Sinuflo”’ tube. The boiler we are 
about to describe is distinguished from those previously 
built by the firm on account of its large size and output, 
and the use of four furnaces. 
The principal dimensions and particulars are as 
follows :— 


Designed output 30,000 Ib. of steam per 


hour from and at 212 deg. 


Fah. 

Type Four-furnace Sinuflo “* Eco- 
nomic.”’ 

Working pressure _... 250 Ib. per square inch. 

Minimum internal diameter 13ft. 

Length over tube plates ... 15ft. 8in. 

Thickness of shell plates ... lyin. 

Thickness of tube plates ... lin. 

External diameter of flues 3ft. O4in. 


Diameter of waisted portion of 


flue. 2ft. 3zin. 
Internal length ‘of. combustion 

chamber... 7ft. 

Internal diamete1 r “of ¢ c combustion 

chamber sve. eee 00e.-- eka 
Total grate area 78 square feet. 
Weight of boiler shell. 50 tons. 
Weight of boiler and combustion 

chamber, mountings, and water 

to working level ncawea. wen tan. 


An idea of the general appearance of the com- 
pleted boiler will be gained from the illustration of 
its front reproduced in Fig 1, while the sectional 
drawings given in Fig. 2 show some of the details of 
construction. 
lisin. and the longitudinal 
strap form with treble riveting. The centre cireum- 
ferential seam is also treble riveted. Two plates 
are used to form each tube plate, and are joined 
together by a butt weld without a reinforcing doubling 
plate. 

The boiler has four 3ft. Ojin. external diameter 
flues, each of which is built up of flanged sections, 
the section next to the back tube plate being waisted 
down to an outside diameter of 2ft. 3#in. for a length 


joints are of double 


of 3ft. in the case of the one pair of flues, and in the | 


15-8 Over Plates 


The shell plates have a thickness of | 
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FIG. 2—DESIGN OF FOUR-FURNACE 





Insulating 


case of the other pair, for a length of 2ft. 6in. This 
design has the advantage of creating turbulence in 
the gases and giving full accessibility, as mentioned 
later. 

The boiler is fitted with the company’s Kirke 

















FIG, I—FOUR-FURNACE “ECONOMIC” BOILER 


| patented ‘* Sinuflo””’ tubes, which have been used in 
this type and other types of boilers for the past five 
years. As will be seen from the diagrammatic sketch, 
Fig. 6, these tubes are waved in the horizontal plane 
im such a way as to retain their true circular bore 
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at all points, and have a clear axial space through 
them so that they can be easily cleaned with an 
ordinary tube brush of spherical shape. It is claimed 
that they give a heat transmission equivalent to 
that of a straight tube of the same diameter twice as 
long, and that the transmission efficiency of the single 
pass of tubes in these boilers is from 85 to 90 per cent. 
In addition to the stay bars, the necessary number of 
stay tubes within the tube nest are provided. They 
are of the usual straight type screwed with a con- 
tinuous thread, and are shown in Fig. 5. It will be 
seen from the drawing that the tube nest is divided 
into three sections with two wide water spaces lft. 2in. 
between tube centres. Further, a wide breathing 
space is allowed between the furnace flues and the 
nearest tubes in order to minimise as far as possible 
any expansion stress in the tube plates. Tho 
breathing space we have referred to, together with 
the extra space in way of the waisted sections of the 
furnaces, is designed to give complete internal 
accessibility to every part of the boiler, particularly 


arrangement of the brick arches over the flues is 
novel. Their purpose is to ensure that the entering 
hot gases are made to travel right round the chamber 
before they enter the boiler tubes. By this means 
there is ample space and time for complete com- 
bustion to be effected before the gases are brought 
into contact with the comparatively cool tube- 
plate and the tubes. The tubeplate opposite the 
wide water spaces is protected by two vertical piers, 
as shown on the drawing—Fig. 2. The makers claim 
that this particular design of combustion chamber elim- 
inates smoke, whilst, owing to the reduction in the 
velocity of the gases as they pass through it, most 
of the grits which are carried along with the gases 
are deposited at the back end of the chamber, from 
which they can be conveniently removed through the 
cleaning door provided. 

The boiler operates under induced draught, which 
is created by an electrically driven fan, mounted as 
shown in Figs. 3 and 
on the shell of the boiler. 





supplied by James Hodgkinson (Salford), Ltd., of 
Ford Lane Works, Pendleton, Salford, Lancashire. 
The design follows the firm’s standard practice, and a 
separate stoker front is provided for each flue. The 
upper and the lower stokers on the left-hand side of the 
boiler are driven by a standard three-speed motor 
and Texrope drive, and are completely separated 
from the two stokers of the right-hand furnaces, which 
are similarly driven by a second motor. One gear 
head drives the two left-hand stokers, and a second 
gear head the two right-hand stokers. The gear box 
drives the upper stoker in the ordinary way, one shaft 
driving the ram, and the second shaft rotating the 
cams. The shaft for the upper ram is extended on 
the inside, and is connected to the shaft driving the 
lower ram by levers and a connecting rod. Provision 
is made for adjusting each of the rams separately, 
so that although the number of strokes of each is the 
same under all conditions, the quantity of coal which 
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FIG, 3—-ARRANGEMENT OF BOILER 


generally accessible. The makers regard complete 
internal accessibility as a fundamental principle of 
design for boilers of this type. 

It may be noted that the spacing of the tubes 
themselves is greater than is usual or is laid down 
by the rules, the object of this particular feature of 
design being, we are informed, to assist water circu- 
lation and to leave a larger area of the back tube 
plate in contact with the water, thereby reducing 
to a minimum the possibility of overheating. 

The bar stays in the steam space of the boiler are 
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FIG. 5—TUBE PLATE AND SMOKEBOX 


screwed at either end into wrought steel stools, 
which are fitted and riveted to the tube plates, and 
preclude the possibility of leakage. A front view 
of the tube plate and smokebox*‘is given in Fig. 5. 

A special feature of the design is the provision of 
a combustion chamber at the back of the boiler which 
is of unusually large dimensions, having a length of 
7ft. with a top arch having an internal radius of 10ft. 
6in.—Fig 4. Attention may be called to the special 
construction of brickwork in this chamber. It is 
lined with Stein’s highly refractory firebrick, which 
is backed by a layer of Moler insulating brick. The 
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motor are mounted on a welded platform supported 
on angle bars which are riveted to the boiler shell. 
The fan is of the Sturtevant induced draught paddle- 
vane pattern and is directly coupled to a 37 B.H.P. 
| variable speed, pipe ventilated motor supplied by 
Lancashire Dynamo and Crypto, Ltd., of Trafford 
Park, Manchester. The motor is provided with an 
| Erskine-Heap starter and rotor regulator, which is 
| of the oil immersed stator switch type, capable of 
| giving a speed reduction of 33} per cent. and is 
equipped with one no-volt and three overload 
releases. 
| The fan is designed to give a draught of 4in. W.G. 
| at the fan inlet, and the volume of gases to be dealt 
with is based on 100 per cent. excess air. Both the 
fan and the motor, however, have a margin of power 
| well above that figure. The smokebox is of neat 
' design and consists of a welded casing stiffened with 
angles. It extends right across the upper half of the 
boiler in way of the tubes, and tapers at the top. A 
cone piece, having a diameter of 4ft. 3in., narrowing 
to a diameter of 2ft. 6in., connects the smokebox 
to the fan. The fan has water cooled bearings and 
on the outlet side communicates by means of a cone 
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FIG. 6—CLEANING ‘“‘SINUFLO” TUBE 


| piece with the chimney, which has a diameter of 
| 4ft. 3in. and a height of 30ft. 

| The drawing we reproduce in Fig. 3 shows the 
| general arrangement of the boiler and its auxiliary 
equipment as recently installed in the works of 
Lansil, Ltd., and Fig. 4 shows a typical assembly of 
boiler, combustion chamber, smokebox, and fan unit 
for boilers of this type. 

With the larger sizes of this type of boiler it is 
the firm’s general practice to supply a motor driven 
circulating pump to maintain an even temperature 
in the boiler, particularly when starting up. 

The boiler fittings, other than the Ronald Trist 
** Hilo’? Alarm and the Ivor traversing soot blower, 
were supplied throughout by Hopkinsons, Ltd., of 
Huddersfield. The coal handling plant was supplied 
by Bennis Combustion, Ltd., of Little Hulton, 
Bolton, and consists of a short U-link cross conveyor, 
having a capacity of 15 tons per hour, taking coal 
from an existing conveyor serving another battery 
of boilers. The coal is delivered into an overhead 
bunker with a sloped bottom, from which gravity 
chutes are arranged to the stoker hoppers on the 
boiler. 

The stokers are of the latest coking type, and were 














FIG. 4—ARRANGEMENT OF “ECONOMIC” BOILER 


is actually fed to the furnaces can be separately 
regulated by adjusting the throw. 

The special arrangement of brickwork in the 
combustion chamber was designed in co-operation 
with Bowden Jackson (Constructions), Ltd., of 
Leeds, and was built by that firm. 

The firm of Cochran supplies as standard for this 
type of boiler a pyrometer with a thermocouple in 
the combustion chamber. It has been found that if 
the temperature in the combustion chamber is 
maintained at about 950 deg. Cent., the boiler will 
be working not only at a high efficiency, but that 
undue stresses are not set up on the back tubeplate 
and tubes, and the life of the brickwork is assured. 

The makers guarantee the efficiency of this type of 
boiler at 80 per cent. gross on the net calorific value 
of the fuel and claim that the special features of 
design which are described above enable them to 
build boilers having very high evaporative capacities 
for their size. 

The makers inform us that they have supplied a 
number of these boilers for oil firing, and that the 
results obtained show that the design is particularly 
suitable for that type of fuel. 





High-Pressure Hose Coupling 





WE illustrate herewith a “ quick fit ’’ high-pressure 
hose coupling that is claimed to be particularly suitable 
for use with high-pressure gas or air. Referring to 
the diagram, A and B are two hollow main members 
adapted to be secured to the parts of a pipe or other 
parts to be connected. In the member B is arranged 
a poppet-valve C loaded by a spring D tending to 
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HIGH-PRESSURE HOSE COUPLING 


hold the valve on its seating. The outer end of member 
B is made in the form of a rotatable collar E which 
is held in position by a ring of balls F ; and the outer 
end of the collar is formed with claws G which can 
engage with complementary claws on member A. In 
the bore of member B is arranged a rubber bush J, 
co-axial with the bore. Projecting from the outer end 
of member A there is a hollow thrust piece which opens 
the poppet valve C when the two parts of the coupling 
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are brought together. To make the coupling secure, 
all that is necessary i8 to engage one half with the 
other, compressing the bush J endwise, and -then 
rotating the collar E, thereby causing the claws of 
the collar to pass behind and snap into engagement 
with the claws of member A. The coupling is especially 
suitable for use with gas pressures up to 6000 Ib. per 
square inch. It is manufactured by Belliss and 
Morcom, Ltd., Birmingham. 











Lift Worm Reduction Gear With 
Back Gearing 


A uirr problem that has of late frequently come up 
for solution is that of the goods lift which is normally 
required to handle light or comparatively light loads 


at fairly high speeds but occasionally has to handle | 
an exceptionally heavy load, as, for example when | 


| 
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former position and the additional counterweight 
disconnected. 

We are informed that this device has already been 
employed to advantage in power stations and other 
industrial undertakings, when héavy loads have to be 
dealt with occasionally but speedy operation is 
desired for general purposes. 








Tubular Steel Trucks 


A WIDE range of industrial, hand-propelled, trucks 
which combine lightness and manceuverability with 
strength are now being made by Mobility, Ltd., of 14, 
Harp Alley, London, E.C.4. In addition to being 
constructed for the commoner forms of transport in 
factories and industrial buildings, several types of 
trucks have been designed to comply with special 
requirements. Two typical trucks being made by 

















HOISTING UNIT 


new machinery is being installed. It is clearly un- | 
economical to install, say, a two-ton lift which rarely | 
carries loads exceeding $ ton, unless it ean be arranged | 
to do so at a considerably higher speed. 

For this purpose the Express Lift Company, Ltd., 
of Abbey Works, Northampton, has developed a 
special form of worm reduction gearing incorporating 
double reduction back gearing, which enables heavier 
loads to be lifted when the occasion arises, with a 
proportionate decrease in lifting speed. Accom- 
panying engravings show the hoisting unit and a view 
of the back gearing in gear. The ratio of the spur | 
gearing is usually, although not necessarily, 4: 1, 
so that a lift which normally raises loads of one ton 
at a speed of 120ft. per minute, can raise occasionally 


| 
| 











BACK GEARING 


loads of two tons at a speed of 30ft. per minute. 
The cage, safety gear, lifting ropes, and guides are 
all suitably designed for a lift of a capacity equal to 
that of the heaviest load to be lifted. 

In normal operation the back gearing is dis- 
connected and the motor drives directly through the 
worm reduction gearing. When it is necessary to 
raise the heavier load the car is first taken to the 
top floor, and an additional counterweight, which is 
permanently in position in the pit between the counter- 
weight guides, is attached to the bottom of the normal 
counter-weight, in order partly to balance the 
mereased load in the car. The attachment of the 
extra counterweight does not necessitate the lifting 
of any heavy weights. The back gearing is then 
adjusted in position. The motor now drives through 
the spur gearing, and all is ready for raising the 
increased load. When the lift is required once more 
for normal usage the back gearing is returned to its 





| only 4in. above the floor level. 


the firm are shown in the accompanying illustration. 
It will be seen that their frames are built up of fabri- 
cated steel tubes which, whilst giving considerable 
strength and rigidity, do not impede access to the 
loading platforms or trays. The same general 
principle of frame construction is followed in every 
design of truck that the company makes. 

In the first engraving is shown a low-loading truck 
which is made in two standard models for loads up to 
one-half and one ton. Its chassis is built up of l}in. 
diameter weldless steel tube to give a platform space 
36in. long by 30in. wide, the overall height being 39in. 




















LOW -LOADING TRUCK 


and the overall length 5ft. The frame is underslung 
with respect to the wheels and this arrangement gives 
a ground clearance of 1 }in., the loading piatform being 
The front pair of 
wheels rotate on ball bearings and are mounted on a 
solid steel axle carried between plates welded between 
the members of the side frames. Steering is effected 
by ball bearing castors carried on extensions of the 
rear frame stiffening members. All four wheels are 
8in. diameter and can be supplied fitted with either 
solid or pneumatic rubber tyres. It will be observed 
that the overhang of the front end frame protects the 
leading wheels and axle from any damage likely to 
be received as a result of colliding with obstacles. 
Wooden or metal platforms or containers, in accord- 
ance with requirements, can be easily fitted to the 
chassis and fixed thereto by clips or held in position 
by stops against the frame. 

The other truck illustrated has been particularly 
designed to fulfil the requirements of aircraft and 
other workshops where it is necessary to transport 
large numbers of small components to different 
assembly points. Its chassis frame comprises two 
side members built up of Ijin. diameter weldless 
steel tube, the frame being closed by angle iron cross 
pieces which also serve as bearers for the trays. A 
lin. diameter axle, mounted on extensions to the 
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stiffening members at the front of the side frames, 
carries the 6in, diameter roller-bearing wheels and is 
set back some little distance in order to prevent 
damage to the wheels as a result of collision. The 
rear ball-bearing castors are fitted to the ends of the 
upright. members of the side frames. The truck is 
designed for a maximum load of 4 ewt. and has the 
following overall dimensions :—Length, 44in., width, 
29in., and height, 39in. | Between the two trays there 

















TRUCK FOR SMALL COMPONENTS 


ix a Clear distance of 20in. and each of them is 40in. 
long, 24in. wide, and has a depth of 4in. A similar 
design of truck is fitted with three trays. 








Lighting in a Nut and Bolt Factory 


It is just over a hundred years since Joseph Whit 
worth set up his own machine tool shop in Manchester 
and started his collection of screwed bolts with a view 
to standardising tlie relationship between the 
diameter of the bolt and the threads. Previously 
when a machine needed new fixing bolts the repairer 
had to make and thread special bolts, for the original 
maker of the machine used whatever diameter or 
thread he fancied. To-day, not only have Whit- 
worth’s standards been adopted throughout the 
world, but nut and bolt manufacture has been made 
either an automatic or semi-automatic process. 

When the firm of Charles Richards and 
Darlaston, was founded in 1870, nuts and bolts were 
made by the method called the * Oliver” process 
entirely by manual labour through a treadle. At 
this time the firm employed some 70 or 80 hands and 
possessed only two bolt-making machines. By 1914 
the number of employees had increased to several 
hundred, and it was then decided to scrap the 
obsolete gas-lighting installation for electricity. 

Since those days the firm has grown to well over a 
thousand employees making all types and sizes of 
nuts and bolts. Many additions and improvements 
have of necessity been carried out in the lighting. 
Some twelve months ago the management decided to 
have a complete lighting survey of the entire factory, 
and, as a result, it was arranged to replace the multi 
plicity of local lighting units over the machines by a 
general lighting scheme of ‘ Metrovick”’ mercury 
discharge lamp units. Considerable care was neces- 
sary in the layout to eliminate shadows from overhead 
belting and the changeover has been found a great 
improvement. Output has increased and the opera- 
tives have expressed satisfaction with the improved 
lighting. The general standard of illumination 
averages 10-12 foot-candles, and in special sections it is 
20-25 foot-candles. Up to the present about one 
hundred 125, 250, and 400-watt mezcury discharge 
units have been installed, but a considerable part of 
the lighting still remains to be converted. 

In addition to general lighting Metropolitan- 
Vickers have been responsible for an_ interesting 
A.R.P. lighting installation. In each of thirty 
shelters is installed an automatic set, consisting of a 
metal rectifier fed from the mains. The rectifier can 
supply current to the lamps in the shelter, through a 
transformer in the set itself. When the mains 
voltage is cut off the load is automatically transferred 
to an alkaline battery, which is also mounted in the 
set. This battery is capable of maintaining the full 
lighting in the shelter for six hours, or half light for 
twelve hours. 

It is pointed out that although the first cost of this 
arrangement is rather high there are no maintenance 
charges, whereas if duplicate sets of batteries are 
used they must be regularly charged, particularly if 
the acid type of battery is used. 


Sons, 





ELEectrIic Power IN AMERICA.—Preliminary reports of 
the Federal Power Commission show that during 1939 
energy production in the United States totalled 130,271 
million kWh. Of this total 43,995 million kWh was 
obtained from hydro-electric stations. The total installed 
capacity in the country at the end of the year was 
40,294,400 kW, a net increase of 3-2 per cent. over 1938. 
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Mobile Railway Workshops 


WE recently had an opportunity of inspecting the 
first mobile railway workshop built by the Southern 
Railway Company for use with the British Expedi- 
tionary Force in France. It has been particularly 
designed to enable a wide range of service repairs to 
be carried out on site in forward areas instead of send- 
ing vehicles to base depots. In this way the necessity 
of sending damaged vehicles long distances to the base 
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supply. The exciter mounted above the alternator 
is wound for 50 volts and is of sufficient capacity to 
provide an additional 30 amperes for battery charging 
purposes. Beneath the van is a 12-cell battery of 
250 ampere-hour capacity at the 10-hour rate, 
intendéd for general lighting purposes at 24 volts. 
A single phase transformer is installed to give a light- 
ing supply, through a change-over switch, direct from 
the mains when the set is running. Provision is also 
made for taking an external supply through the cable 
jumper sockets when the unit is at a base depot or 





when a local supply is available. 





is avoided and the time they are out of commission 
will be considerably reduced. 

As will be seen from the accompanying drawing, 
each unit is made up of three covered vans, which 
have been modified to the requirements of the French 
railways, the first van containing the power plant, 
the second machine tools, and the third stores. 

The power plant, which is carried in a 17ft. 6in. long 
van, comprises a 44 H.P. oil engine directly coupled 
to an alternator, the two being mounted on a com- 
bined bed-plate resting on wood bearers and rubber | 





STORES VAN 


MOBILE RAILWAY WORKSHOP MACHINE TOOL VAN 


The electrical equipment is 220 volts, three-phase, 50- 
cycles to suit standard French practice, but all motors 
are supplied with the stator windings mesh-star con- 
nected for running in star at 400 volts if required, 
whilst the starters are provided with additional spare 
coils suitable for the higher voltage standard in this 
country. 

Along the length of the van roof is a bearer rail for 
a 1-ton pulley block used for maintenance purposes. 

The workshop is a 32ft. long van which has been 


2in. pillar drilling machine; a jin. sensitive bench 
drill; a double-ended pedestal tool grinder; a 6in. 
hack sawing machine ; a 3in. pipe screwing machine 
with a capacity to take I}in. bolts; and a 20-ton 
hand-operated hydraulic press for bushing and 
general work. These machines are laid out to the 
best advantage in order that the operators shall have 
the maximum clear working space and each has an 
adjustable electric lamp to supplement the general 
lighting of the van. 

Three 1-ton capacity jib cranes are set round the 








so constructed that the whole of both sides may be 


WORKSHOP VAN 


sides of the van, and they may be swung round to 





give a clear overhang for the purpose of lifting heavy 
articles from the rail side into the workshop. Several 
plug points are provided at various positions round 
the van to which an electric motor-driven field forge 
and a number of portable electric tools, fitted with 
sufficient lengths of flexible cable for working in the 
vicinity of the workshop, may be coupled. Heating 
pipes running the length of the workshop are coupled 
to the cooling system of the oil engine in the power 
van, and when required the hot water in the system 
can be diverted to circulate through these pipes. 


GENERATOR VAN 
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A—Generating plant. 


B—Auxiliary fuel tanks. 
C—Main fuel tank. 


E—Workshop contro 
F—Shaping machine 


packing, and held by bolts to the underframe of the 
vehicle. A main fuel tank at one end of the van, 
interconnected with two auxiliary tanks in the 
corners, gives a total fuel storage of 228 gallons. A 
semi-rotary pump is fitted for replenishing the 
fuel tanks from supply drums at the rail side. The 
oil engine is of the four-cylinder vertical type, arranged 
for hand starting, and running at 1000 revolutions per 
minute. The alternator set is designed for a con- 
tinuous output of 25 kW (31-25 kVA at 0-8 power 
factor), the stator windings being arranged series- 
parallel to give a 220/240 volt, three-phase, 50-cycle 





D—Switchboard cubicle. 


" J—Screwing machine. 





G—Hack sawing machine. 
1 panel. H—Lathe. 
ARRANGEMENT OF MOBILE RAILWAY WORKSHOP 


hinged up in sections and held by tie bars, as shown 
in the engravings, to give a clear working space. 
When fastened up the sides provide a shelter adjoining 
the van which may be closed in by tarpaulins and 
provide increased working space protected from 
adverse weather conditions. The machine tools with 
which the workshop is fitted have been carefully 
selected in accordance with the class of repairs it is 
intended to carry out. All the machines have inde- 
pendent electric motor drive and they include an 
8tin. centre, self-acting, surfacing and screw-cutting 





gap bed lathe; an 18in. stroke shaping machine, a| 


K—Tool grinding machine. 
L—Hydraulic press. 
M—Bench drilling machine. 


@ 


N—Vertical drilling machine. 
O-—Jib cranes. 
P—Gas cylinders. 


The 17ft. 6in. long stores van has a number of shelves 
and bins arranged round its sides, and one corner of it is 
arranged as a small office. In addition to a rack for 
containing the gas cylinders of the oxy-acetylene 
cutting and welding equipment, a smith’s hearth, 
hydraulic jacks, portable lamps, and a variety of 
other accessories are carried in this van in addition 
to the spare tools and a large number of small 
standard spare parts. 
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Markets, Notes and News 


The prices quoted herein relate to bulk quantities. 


New Steel Distribution Scheme 


It is not surprising that a scheme to improve the 
distribution of iron and steel has been decided upon by 
the Government, and will come into force on April Ist. 
The licensing system which has been in force hitherto has 
not been able to keep the demands of the Services within 
the capacity of the industry, with the result that delays 
in deliveries have been accumulating to a rather serious 
extent. Under the new arrangements supplies of steel 
will be allocated to Government Departments on a three- 
monthly basis and consumers will be grouped under the 
appropriate Departments, which will be responsible for 
apportioning the steel amongst those users over whom it 
has control. The allocation in the first instance, it is 
understood, will be made by a committee upon which each 
Department will have representation. Presumably the 
requirements of the Admiralty, War Office, and Air Force 
will have first claim to consideration and civilian needs 
will be looked after by the Board of Trade, which will also 
have in its care the direct and indirect requirements of the 
export trade. The new system, it is claimed, will place the 
steelmakers in a position in which they will not be likely 
to fill their order books in excess of their capacity, whilst 
consumers will be able to arrange their businesses with the 
certainty of obtaining a minimum supply of steel for a 
period of three months. Under the scheme a main con- 
tractor te a Government Department will be given a 
tonnage of steel sufficient to cover each contract whether 
accepted by himself or a sub-contractor. The main 
contractor is responsible for ensuring that the indent is 
made for the steel he needs for the execution of the con- 
tract. The responsibility of steel suppliers is also provided 
for in the scheme. They will have to make returns show- 
ing to whom the steel has been delivered and these will be 
checked by the Iron and Steel Control. For general home 
requirements, such as steel for schools, hospitals, police 
stations, allocations will be made by the Board of Educa- 
tion, the Ministry of Health, and the Home Office respec- 
tively. Miscellaneous trade requirements will come under 
the control of the Board of Trade, which will receive an 
allocation of steel for this purpose. The subsequent 
allotment of steel to consumers will be undertaken by the 
Iron and Steel Control. . . . At the same time as the 
foregoing Order was issued the Ministry of Supply pub- 
lished Direction (No. 2) of the Control of Iron and Steel 
(No. 7) (Scrap) Order, 1940. This takes effect from 
April Ist and supersedes Direction (No. 1). This new 
Direction makes an important change in the method of 
operating the control of scrap iron and steel. Hitherto 
it has not been necessary for purchasers to obtain licences 
to acquire iron and steel scrap save for four special grades, 
but as from April Ist any person desiring to acquire 
scrap iron or steel must be authorised by licence so to do, 
except in the case of a person (other than one operating an 
iron or steel works or foundry or forge) who confines his 
acquisitions to quantities not exceeding in the aggregate 
one ton from any one person in any one week. This 
exception has the effect of leaving local authorities and 
voluntary organisations free to continue house to house 
and other collections of scrap as hitherto. Application 
forms for licenses can be obtained from the Iron and Steel 
Control, Steel House, Tothill Street, London, S.W.1. 
For the time being it is intended to issue general licences 
to merchants and restricted licences to consumers accord- 
ing to the quality they require. 


February Exports 


The Board of Trade Returns in their summarised 
wartime form show that in February there was a decrease 
in the total exports from this country, which amounted in 
value to £37,402,395, a drop when compared with February, 
1939, of £649,821, and £3,671,179 less than in January. 
The exports of coal were valued at £2,944,407 and showed 
an increase of £351,753 when compared with February, 
1939. Exports of iron ore and scrap dropped in value 
by £83,020 and totalled only £2906. The exports of non- 
ferrous metalliferous ores and scrap amounted in February 
to £36,828 in value, a decline of £136,257 when compared 
with the corresponding month last year. The value of 
iron and steel and manufactures thereof exported in 
February reached £2,424,775, this also being a decline, 
and £370,054 less than the value of the exports in February, 
1939. Non-ferrous metals and manufactures thereof 
were exported to the value of £1,135,483, or £33,519 less 
than in February last year. Exports of cutlery, hardware, 
implements, and instruments reached £796,229, which 
was an increase of £114,061 over the figure for February 
of last year. Electrical goods and apparatus were 
exported to the value of £1,064,026, which showed a rise 
of £70,793 on the value of the exports in February, 1939, 
whilst exports of machinery at £3,385,281 dropped by 
£1,135,673 when compared with the figure for the corres- 
ponding month of last year. Vehicles, including loco- 
motives, ships and aircraft, were sent abroad to the value 
of £2,304,441, this being a drop in value of £2,888,902 
from the February, 1939, figure. 


Our Imports in February 


The imports in February amounted in value to 
£95,638,991, which was £30,200,589 higher than in 
February, 1939, but £9,322,156 below the figure for 
January of this year. The total value of iron ore and 
scrap imported was £977,892, an increase of £494,559 
over the value of the imports in February, 1939. Non- 
ferrous metalliferous ores and scrap were imported in 
February to the value of £1,676,373, which when compared 
with the value of the imports in the corresponding month 
of last year showed an increase of £432,925. The imports 
of iron and steel and manufactures thereof were valued at 
£1,926,835, a rise over the value of the imports in February 
last year of £950,403. The imports of non-ferrous metals 
and manufactures thereof in February were valued at 
£4,411,067, a rise of £1,528,453 over the similar imports in 
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February, 1939. The value of cutlery, hardware, instru- 
ments, and implements imported was £402,374, a decrease 
of £91,134 compared with the figure for February, 1939. 
Imports of electrical goods and apparatus, at £458,987, 
showed an increase of £256,075 from the value in February 
of last year. Machinery imports in February last were 
valued at £2,385,657, which was a rise of £638,144 on the 
figure for the same month in 1939. Vehicles, including 
locomotives, ships, and aircraft were imported to the value 
of £407,468, which was £65,232 below the value of the 
imports in February, 1939. 


The Pig Iron Market 


Considerable activity has developed in the 
foundry pig iron market, but, as before, the pressure is 
principally to secure supplies of steelmaking iron, Some 
imports of foreign iron have helped to relieve the stringency 
in this market, but so intense is the effort to speed up the 
production of steel that even larger quantities are required 
than are obtained by the British output plus these imports. 
Some of the steelmakers are concerned lest the output of 
steel in future may be restricted by the tightness in the 
supplies of basic iron, but it is likely that this will be 
provided against by further supplies from abroad. It is 
probable also that the present production in this country 
will be increased. Somewhat similar conditions prevail 
in the hematite department. The demand has grown 
within recent weeks and the stocks with which some of the 
makers entered the year have been largely liquidated. At 
present it would seem that consumers’ requirements are 
to some extent in excess of available supplies. In both 
the basic and hematite sections the Control is pursuing a 
policy of careful distribution which so far has prevented 
any inequality in supplies to the consuming works. 
Although there has been some inquiry from overseas 
markets for hematite, the quantities which have been 
released for this purpose have been insignificant. The 
situation in the foundry market is far less stringent than 
in other sections of the pig iron trade. Consumers’ require- 
ments of high phosphoric pig iron are covered without 
difficulty by the production of this description. As these 
foundries, however, are gradually brought into the scheme 
on war work, which it is expected will be the case, it is 
probable that the output will be no more than sufficient 
to meet requirements. At present many of the light 
castings foundries in the Midlands and in Scotland are 
operating only three or four days a week. The call for 
low phosphoric foundry iron is steady and absorbs the 
full output so soon as it is produced. This material is 
required in considerable quantities by the engineering 
foundries which almost without exception are fully 
employed upon war work. It is expected that efforts will 
be made to increase the output of this quality since at 
present it is scarcely sufficient to cover consumers’ needs. 
In many cases this has led to an additional call for hematite 
to be used as a substitute. Prices of pig iron are officially 
controlled but there is some talk that a revision of prices 
will again come up for consideration at the end of April. 


The Midlands and South Wales 


The volume of new business in the Midlands has 
declined recently, principally because the steelworks’ 
order books are so congested and delivery dates so 
extended that manufacturers are limiting their acceptances 
to the most urgent orders. Probably for the same reason 
licences appear to be issued with rather less freedom. 
A lull in the demand for any reason is welcomed by the 
steelmakers as it will give them a chance of overtaking 
arrears. Although there may be a quieter note in the 
market, there has been no slackening in the requirements 
of the consuming industries, and the pressure to obtain 
deliveries is as great as ever. The Midland steelworks are 
putting all available plant into operation, and the pro- 
duction of rolled material is at a high level. The demand 
for all types of structural steel exceeds all previous levels, 
and outputs, large as they are, pass at once into con- 
sumption. Distribution is carefully supervised by the 
Control and, by this means, some of the difficulties which 
might have arisen from the stringency which exists in 
some departments has been avoided. The call for plates 
is insistent, and the full capacity of the mills is insufficient 
to meet the pressure for deliveries. The requirements of 
locomotive builders, wagon builders, and tank makers are 
amongst the largest users; but large tonnages are also 
passing to the shipyards. The re-rollers in the Midlands 
have heavy order books, and lately have been receiving 
good deliveries of billets. A proportion of these are of 
British origin ; but the full output of the home production 
is not sufficient to keep the rolling mills of the country 
supplied and large imports of foreign material have been 
distributed. As a result, the re-rolling works have been 
able to make some impression on the arrears of orders 
which accumulated inthe period of transport difficulties 
in January. There is a strong demand for sheets which is 
being fairly wéll met. The works are operating at as near 
capacity as the supply of raw materials permits, and as 
these have been coming forward with more regularity 
recently, outputs have been on a satisfactory scale. There 
has been a good export demand for sheets of which, 
however, only a small proportion could be accepted owing 
to the heavy home demand for Government purposes. 
The steelworks in South Wales are working under extreme 
pressure; but the output of sheet and tinplate bars 
has declined in recent weeks owing, principally, to a 
shortage of scrap. The situation, however, has been 
greatly relieved by the arrival of some cargoes from the 
United States. In February, the West Wales steel works’ 
weekly average was 24,861 tons compared with 25,854 tons 
in January. This stringency was reflected in the tinplate 
industry, and the works have fallen in arrears with 
deliveries ; but recently production improved again as 
the result of the welcome arrival of imported bars. The 
demand for tinplates remains substantial, both on home 
and export account. 
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Copper and Tin 


The British copper market—if it can be so called 
under the Control which exists—appears to be running 
smoothly and there seems little likelihood of any important 
change occurring for some time. The price, of course, is 
fixed at a figure which is generally regarded as reasonable 
although it is rather below the world level. There is 
plenty of metal available, and so far-as can be seen there 
is not likely to be any shortage. Whilst there is little 
export trade passing in manufactured copper materials 
this is probably due not so much to the scarcity of raw 
materials as to the fact that the producing capacity of the 
works is being fully devoted to the country’s war effort. 
The tonnage of copper used in this connection is extremely 
large and seems to be increasing although no statistics 
are available to indicate the position in this respect. 
Under the conditions of Control ruling ordinary market 
influences are non-existent. In the world market prices 
have become easier, and this is partly due to peace rumours 
which have been current of late. At the same time buying 
by neutrals has declined in volume largely as a result of 
the British contraband control, and also owing to the 
difficulty of obtaining the required freight. The American 
export quotation has remained at 11-50c. f.a.s. and the 
domestic price has dropped to 11-30c. There has been 
some buying by Russia, and Japan has also been in the 
market. India has been inquiring for copper sheets. 
The production of refined copper in the United States in 
February was 82,761 short tons, compared with 91,428 tons 
in January. The domestic deliveries were 63,215 tons, 
and the exports of domestic copper 9594 tons. At the 
end of February the stocks of refined copper were 145,393 
tons, against 135,441 tons at the end of the previous 
month, . . . Rather dull conditions have ruled in the 
tin market during the past week, probably owing to the 
decline in the volume of buying in the United States 
accompanied by the free selling in the East. The new 
exchange regulations have had some influence upon the 
situation, and to a certain extent may account for 
American buyers holding aloof from the market until the 
position has become clearer and the market has had time 
to adjust itself to the new conditions. Since the Inter- 
national Tin Committee reduced the export quota, the 
belief has prevailed that in due course more stringent 
supply conditions will develop, and recent events have not 
shaken this opinion. So far as can be seen, there is no 
substantial reason why prices should decline now to any 
extent, and a recovery is therefore anticipated. The 
quieter times may also be partly due to the fact that con- 
sumers for the time being have secured all the metal 
they require. 


Lead and Spelter 


The outlook in the British lead market is satis- 
factory. At the same time conditions are unchanged, 
and so far as can be seen there is not likely to be any 
important alteration in the present situation for some time. 
No statistics are published and no information is available 
as to the supply position. At the same time it is evident 
that consumers are well looked after, although recently 
there have been some deliveries from stock. This may 
be due to the clearing up of the open positions on the Metal 
Exchange which existed at the time of the declaration of 
war. It would, of course, be possible for the Ministry of 
Supply to give deliveries to the merchants of lead arriving 
in this country instead of taking it out of stock; but 
the Ministry may prefer to do it the other way. The 
supplies of Empire lead reaching this country are sufficient 
for war purposes, although it is not easy for firms to obtain 
metal for ordinary commercial purposes. The export 
of manufactured lead products has been on a poor scale, 
but apparently steps have been taken in connection with 
the export drive to see if this trade can be improved. In 
the world market conditions seem to be irregular and it is 
suggested that some of the neutral countries are rather 
short of the metal. In the United States the demand has 
become quieter as most consumers appear to have covered 
themselves until May. ... Although the supplies of 
spelter in this country appear sufficient to cover the heavy 
wartime consumptive requirements, the position seems 
rather tighter than in the case of lead. Industries which 
are not associated with war production are finding it 
difficult to obtain all the metal they want. It is perhaps 
not surprising considering how heavy is the demand for 
war purposes, and naturally the Control is exercising keen 
supervision upon the issue of licences to ensure that 
essential needs are given preference. It is suggested that 
in the absence of any great expenditure upon munitions 
in active war operations large stocks of war materials must 
have accumulated and that after they have reached a 
certain point the demand for spelter may decline. The 
galvanisers, at present, are taking large tonnages and the 
brassmakers are working to capacity. There have been 
inquiries in the United States for brass materials for this 
country, but quite apart from the question of whether 
exchange would be available for such transactions, the 
price of American brass is too high to make such business 
practicable. 





PERSONAL AND BUSINESS ANNOUNCEMENTS 





Tue Brus ExecrricaL ENGINEERING Company, Ltd., 
Loughborough has opened new offices at 97, Waterloo Street, 
Glasgow, C.2, and has appointed Mr. G. B. C. Henderson as its 


Santtiah 
ve 





repr 


Batwin Execrric Motors, Ltd., 138, Southwark Street, 
London, §.E.1, has been appointed official repairer to the 
Lauson Company of U.S8.A., which manufactures a range of four- 
stroke engines for operating}pumps, compressors, mowers, &c. 
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French Engineering Notes 


(From our own Correspondent in Paris) 


’ 
Compulsory Apprenticeship 


THE apprenticeship system instituted by decree 
in May, 1938, is carried through in two stages, first, by 
an examination of youths leaving school at the age of 
14 years with a view to ascertaining their preferences, 
suitability, and physical fitness for particular trades, and, 
secondly, by drafting youths between the ages of 14 and 
17 years for apprenticeship to employers who are under 
the obligation to train a number of apprentices equal to 
10 per cent. of the total number of men, women, and 
employees engaged in their works and offices. This com- 
pulsory system does not apply to youths whose parents 
have already selected trades and occupations for their 
sons and will provide for them. The organisation is 
carried out by the State committees of technical education 
in all the 89 departments of France which are responsible 
for the “ orientation” of youths leaving school. They 
send reports upon each youth to the permanent commis- 
sions of technical education which centralise the lists of 
boys selected for apprenticeship and of trades for which 
they are suitable. When war broke out this organisation 
had not completed its work, and the Minister of Labour 
had to take more direct action to fill up gaps in the supply 
of skilled workers by instituting a voluntary two years’ 
intensive training, but the task of “ orientation ”’ and 
selection of youths was sufficiently advanced to enable 
the Government to impose on employers the obligation to 
take on a percentage of apprentices from the beginning of 
this year. Apprentices must be in charge of qualified 
men, and their practical training is supplemented by 
attendance at classes for instruction in elementary 
mathematics, drawing, and science. The apprenticeship 
lasts three years. A new category of inspectors has been 
created to ensure that employers conform to rules requir- 
ing that each youth shall be in possession of a certificate 
delivered to him by an “ orientation ” committee and that 
the conditions of training are strictly observed. These 
inspectors visit works and factories and make a report 
upon each visit which is transmitted to the departments 
concerned, as well as to the local inspector of factories. 
On completing his training the apprentice is examined, 
and if it be found that the training has not been con- 
ducted in conformity with the rules the apprentice may 
be rejected. Under the decree, an employer may send his 
apprentices to an approved training school. 


Charcoal Suction Gas 


A decree increasing tenfold the fines imposed on 
owners of more than ten lorries employed in State and 
public services for failing to comply with the order to run 
10 per cent. of their vehicles on “‘ national fuels’ from 
January Ist last implies that the changing over from petrol 
to home substitutes is not proceeding so smoothly as the 
authorities had expected. These heavier fines will take 
effect from July Ist next, and in the event of their proving 
ineffective ‘‘ administrative sanctions ”’ will be imposed. 
They apply only to one category of lorry owners, though 
a very large one, but there is another clause in the decree 
which points to wider compulsory powers. It authorises 
the Minister of Public Works and Transport and the 
Minister of Agriculture to sign a decree for a supplementary 
10 per cent. of lorries, over a part or whole of the territory, 
to be equipped to run on fuel produced from woodlands. 
This is the first specified limitation to wood, charcoal, and 
compressed charcoal and is almost inevitable in view of 
the unsuitability of French anthracitic coal for portable 
suction gas producers. The pressure which the Govern- 
ment is putting upon lorry owners to use charcoal suction 
gas is explained by the preparations now being made to 
provide greater road transport facilities. The railways 
are too heavily strained by military necessities to allow of 
their handling all the long distance goods traffic efficiently, 
and at a time when so much is being done to increase 
export trade it is seen that the roads must take up a share 
of the burden. Petrol consumption must, nevertheless, 
be reduced, so that everything is being done to push on the 
work of converting lorries to run on suction gas. The 
commission which is now discussing plans for a collabora- 
tion of road hauliers with the railways will certainly reach 
a decision before the commission on charcoal suction gas 
for lorries is able to solve the many practical and technical 
problems involved in the application of suction gas to 
vehicles. An immediate solution of these problems does 
not seem probable, except so far as concerns an accelera- 
tion of methods for turning out accepted types of pro- 
ducers, converting lorries and distributing fuel. Mean- 
while, the decree provides that from January Ist, 1941, no 
new vehicle for town refuse collection, street watering, or 
other municipal work shall be sold unless it is built to run 
on national fuel. In the case of road haulage, owners of 
lorries may be exempted from the obligation to employ 
suction gas if their conditions of working are proved to be 
particularly difficult, especially in mountainous regions. 


Motor Torpedo Boats 


The two British built motor torpedo boats that 
recently traversed Paris by the river Seine on their way 
to Rumania have called attention to the part played by 
French shipyards in the construction of this type of 
craft. In 1925 work was begun on three boats of 11] tons 
displacement with two torpedo tubes, and their speeds 
ranged from 39 to 44 knots. Three years later three boats 
of the same type of 19 tons displacement were constructed 
by the Chantiers de la Loire at Saint-Nazaire. With 
engines of 2000 H.P. they exceeded 50 knots, and in 1934 
one of them created a record of 55 knots. In Italy the 
speeds of similar boats are said to have been not more than 
42 knots, while in Germany the boats of 62 tons, with 
engines of 2400 H.P., are declared to have not exceeded 
39 knots. The Chantiers de la Loire put in hand in 1938 
a new type of motor torpedo boat which is said to represent 
an advance in fighting power and speed, and they have now 
under construction a number of them for the French navy. 
Naturally, no information concerning them is available. 





British Patent Specifications 


When an % tion is ted from abroad the name and 
address of the communicator are printed in italics. 

When an abridgment is not illustrated the Specification is 
without drawings. 

Copies of Specifications may be obtained at the Patent Office 
Sales Branch, 25, Southampton Buildings, Chancery Lane, W.C.2, 
ls. each. 

The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of the acceptance of the 
lof, Speci fi 4a 








© t 


INTERNAL COMBUSTION ENGINES 


517,713. March 17th, 1939.—ImMPROVEMENTS IN CYLINDERS 
AND Pistons, Arthur Villeneuve Nicolle, Thresher’s Dean, 
Headley, Surrey,and the Automotive Engineering Company, 
Ltd. 

The invention has for its object to utilise as far as practicable 
the advantages of aluminium or aluminium alloy for cylinder 
and piston assemblies. In carrying it into effect, as shown in 
the drawing, a cylinder A is made from aluminium or alu- 
minium alloy, so that the actual cylinder bore is of aluminous 

metal. A piston B of light construction’ within the bore has a 
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steel part which provides the bearing contact with the cylinder. 
The piston shown is of steel so as to be of light construction, 
and in order that it may be sufficiently protected against over- 
heating it is provided with an internal chamber C formed be- 
tween the crown and an insert D and this chamber is intended 
to contain a cooling medium, such as a sodium salt, to dissipate 
the heat as a safeguard against overheating. In another 
construction the piston body is of a light alloy and provided with 
an encircling band or bands of steel wire wound upon the skirt 
to afford the bearing contact with the cylinder.—-February 7th, 
1940. 


517,844. August 10th, 1938.—ImpROVEMENTS IN STARTING 
Devices ror INTERNAL ComBUSTION ENeaINES, British 
Thomson-Houston Company, Ltd., Crown House, Aldwych, 
London, W.C.2, Douglas Harry Graham, 52, Green Lane, 
Coventry, and Bengt Erik Gustaf Forsling, of “‘ Highcroft,’’ 
122, Ashlawn Road, Rugby. 

This invention relates to engine starters of the type in which 
gases under pressure formed by burning a cartridge or stored up 
fluid, for instance compressed air, are utilised in a starter motor, 
particularly in the form of a turbine, which is connected to the 
engine crank shaft through gearing and a clutch which is auto- 
matically disconnected when ignition takes place in the engine 
cylinders. As the torque required to turn the engine at the 
start is not constant but varies considerably with the viscosity 
of the oil in the engine bearings and the size of cartridge, the 
starter motor must be made to suit the conditions of maximum 
resistance. When the engine runs more easily, the same size 
cartridge will be capable of turning it a larger number of revolu- 
tions and of bringing it up to a somewhat higher speed than when 
an engine has been standing cold for some time. If the engine 
fires and runs up to speed disconnecting the automatic clutch 
before all the energy in the cartridge has been used up, the 
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remaining energy would be — in the disconnected starter 
motor and run it up to a higher speed than permissible unless 
some means for limiting the speed were provided. The object 
of this invention is to provide a simple and reliable device for 
preventing overspeeding. It consists in providing the ignition 
circuit with a switch which is operated by the gas pressure in 
front of the starter motor in such a way that the ignition circuit 
is open so long as the pressure remains above a certain set 
value, the operation being as follows :—When the cartridge is 
fired the gas pressure is quickly built up in the connecting 
conduit between the cartridge chamber and the starting motor. 
The pressure operated switch breaks the ignition circuit before 
or as the starter motor begins to turn. The energy of the car- 
tridge is then expended in turning the starter motor and the 
engine and bringing them together up to speed. The number 
of revolutions and the final speed will depend upon the re- 
sistance of the engine. When the cartridge finishes burning 
and the gas pressure in front of the starter motor falls the 
ignition circuit is closed again automatically. The inertia of 
the rotating masses in the engine and the starter motor will be 
sufficient to keep the engine turning to secure ignition because 
the engine has already explosive mixtures in the cylinders. 





When the starter motor is disconnected it cannot speed up as all 
the energy in the cartridge has already been expended. One 
form of the device is diagrammatically illustrated in the drawing 
in which A is the conduit between the cartridge chamber and 
the turbine nozzle B. A spindle C carries at one end a piston D, 
and at the other a movable contact E which is held against 
stationary contacts F of the switch in the ignition circuit by 
means of a spring. When the pressure rises in the conduit 
sufficiently to overcome the spring force the piston is pushed 
up against the shoulder G creating a seal against gases leaking 
past the piston, and breaking the contact between E and F. 
An opening is provided between the space behind the piston and 
the atmosphere in order to prevent pressure being built up 
behind the piston.—February 9th, 1940. 


SWITCHGEAR 


517,574. July 28th, 1938.—InweRovEMENTS IN AND RELATING 
to Gas Buast Erecrric Swircues, the British Thomson- 
ry Company, Ltd., Crown House, Aldwych, London, 
W.C.2. 

The invention relates to gas blast electric switches of the kind 
in which the gas flows in a direction opposed to the movement 
of the movable contact when switching-off and in which the 
fixed contact is of nozzle shape, an arrangement being provided 
whereby looping and consequent lengthening of the arc is 
prevented whereby the are voltage and resulting energy loss is 
reduced. In the accompanying smaller drawing is shown at A 
a path such as might be taken by the arc in a switch of usual 
construction. The metallic nozzle forming the fixed contact is 
designated by B, and the movable contact by C. Upon 
switching-off the are is surrounded by the flowing gas so that 
whilst one foot point rests in the point D of the movable contact, 
the other foot point of the arc, burning freely through the 
narrowed part of the nozzle, springs from any part of the 
metallic part having a potential deviating from that of the 
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movable contact outside the narrowed part of the nozzle. Thus 
the are forms a loop. According to the invention, see larger 
drawings, in the vicinity of the arcing point of the contact D (when 
the switch is switched on), for example, at a distance of a few 
millimetres or centimetres, a counter-electrode E is provided 
in the direction of the axis of the nozzle contact. The 
counter-electrode is in conducting connection with the fixed 
contact and is arranged between the contact point and the 
silencer F. When the contacts separate an arc is struck between 
them, one foot of the are then transferring from contact B to 
electrode E, so that the are is centred, or made to 
occupy a substantially straight path between the contact 
and electrode. By preventing the arc looping and thereby 
lengthening, the arc voltage and hence the arc energy loss is 
kept low. To maintain a flow of gas free from eddies the 
counter-electrode has a streamlined shape. As supports for 
the counter-electrode, arms G are used which form a star and 
have a streamline shape in cross section. The arms are attached 
to the internal wall of the switch chamber which consists of 
insulating material.—February 2nd, 1940. 


TRANSFORMERS AND CONVERTERS 


517,838. August 8th, 1938.—HicH Tension TRANSFORMERS, 
Aktiengesellschaft Brown, Boveri et Cie, Baden, Switzer- 
land, a Swiss Company. 

According to this invention the radial insulation of the high 
tension winding of a high tension transformer with respect to 
the concentrically disposed low tension winding, or with respect 
to parts of the iron core, is formed entirely or substantially 








Fig 2 


Fig ! 


entirely by suitably designed insulated wires wound over one 
another in layers and the metal cores are connected to suitable 
points of the high tension winding. A constructional example 
of a voltage transformer according to the invention is illustrated 
in the accompanying drawing, in which Fig. 1 shows dia- 
grammatically a symmetrical coil distribution, Fig. 2 an asym- 
metrical arrangement with equalisation of potential by simple 
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rings, whilst Fig. 3 illustrates the manner in which the high 

tension coils are supported. Over the iron core A is slipped, 

according to Fig. 1, the low tension winding B in the form of a 

cylindrical coil. Between it and the coil C of the high tension 

winding, the high tension terminal D of which is in the middle 
and the earthed terminal E of which is at the end of the trans- 
former, are arranged, as coil connections, insulating wire layers 

F decreasing in length towards the middle, which form the 

stepped insulation between the two windings B and ©. Accor- 

ding to Fig. 2 the wound part of the transformer extends in a 

known manner only to the middle of the limb A, the other half 

of which is swrounded by potential equalisation rings G. 

According to Fig. 3 hard paper tubes H, on which porcelain 

supporting or distancing blocks I are strung, are used for 

carrying the high tension coils C. According to the diameter 

of the coils, three or more supporting tubes H with blocks I 

will be arranged at the periphery.— February 9th, 1940. 

517,479. July 29th, 1938.—ImpROVEMENTS IN ELECTRIC 
TRANSFORMERS OF THE Liguip IMMERSED Type, Hack- 
bridge Electric Construction Company, Ltd., Hersham, 
Walton-on-Thames, Surrey, and Edward Tobin, of the 
company’s address. 

Electric transformers of the liquid immersed type employing 
oil as the immersion liquid present a fire risk in the event of 
breakdown of the transformer. The invention consists in a 
transformer of the liquid immersion type in which is employed 
as immersion liquid water or any other aqueous liquid. The 
windings and optionally also the core are partly or wholly pro- 
tected by a solid electrical insulating material or dielectric from 
the water.—January 31st, 1940. 


MACHINE TOOLS AND SHOP APPLIANCES 


August 4th, 1938.—ImPROVEMENTS IN THE DRUMS OF 
SAND-PAPERING Macuines, Thomas Robinson and Son, 
Lid., of Railway Works, Rochdale, and John Cuthbert 
Robinson, of the same address. 

In drums of sand-papering machines of the kind in which the 
sand-paper is wound spirally on the drum as at present constructed 
the end of the paper is held by a clip at the end of the drum, the 
clip constituting part of a movable end-plate of the drum which is 
urged outwardly axially from the drum to a limited extent, and 
in moving outwardly is also turned by a spring inside the drum 
pressing against a fixed spider or suitable stop. This arrange- 
ment is used to tighten the sand-paper when it is first put on the 
machine and to keep it taut whilst working. It has been found, 
however, that after the paper has worked for a time a slight 
bulge appears near the end of the paper, due to stretch induced 
on its trailing edge. This particular stretch cannot be taken 
out by the action of the spring tensioned end-plate mentioned, 
which applies equal tension along the full width of the end of 
the paper. The present invention has for its object to provide 
improvements in drums whereby any slack which occurs in the 
paper after its main tightening operation may automatically 
be taken up, and the paper kept smooth. In the improved drum 
the clip for the paper at one or both ends of the drum is resiliently 
mounted on the end-plate or is resiliently urged outwardly 
from the end-plate, and provides a pull on the sand-paper in 
addition to the main tensioning mechanism.—-January 16th, 
1940. 


516,952. 


METALLURGY 


517,415. April 22nd, 1938.—IMPROVEMENTS IN ELECTRO- 
CHEMICAL TREATMENT OF Meta, Samuel Joseph Blaut 
and Harold Martin Lang, 32, West 95 Street, New York, 
United States of America, and 1310, Boston Road, New 
York, United States of America. 

The object of this invention is to provide an improved 
method for removing scale and for obtaining desirable finished 
surfaces on stainless steel, nickel, and on alloys containing nickel 
or chromium. The method comprises subjecting the metal or 
alloy to electrolytic action as anode in a bath comprising 30 per 
cent. or more of concentrated sulphuric acid with or without 
hydrofluoric acid, the sulphuric acid being in sufficient quantity 
to develop on the surface of the metal or alloy a partial passivity 
to prevent any substantial attack on the descaled metal by the 
acid bath. In certain cases it is advantageous for the bath to 
include hydrofluoric acid. It has been discovered that stainless 
steel may be effectively descaled by employing the metal as 
anode in an electrolytic treatment at current densities of the 
order of 75 to 200 amperes per square foot and using fairly strong 
sulphuric acid solution as the electrolyte. The scale is removed 
very uniformly, resulting in a smooth, very white, satin finish, 
with but slight attack on the metal itself. An electrolytic 
bath of over 50 per cent. sulphuric acid descales the steel at a 
relatively slow rate. For example, a light scale formed by brief 
open anneaiing of cold-rolled strip 18-8 stainless steel (i.e - steel 
containing substantially 18-59 parts of chromium, and 8-25 
parts of nickel to 100 parts of iron, usually with the inclusion of 
small quantities of carbon, silicon, sulphur, and phosphorus) 
requires three to ten minutes to descale. Heavier scale is 
removed in a correspondingly longer time. Dilute sulphuric 
acid baths act faster, but attack and dissolve the surface of 
the steel too rapidly and unevenly. The use of the stronger 
sulphuric acid bath, then, although its action is retarded, 
has a desirable effect, in that a partial passivation of the metal 
occurs, which seems to account for a uniform surface after 
descaling. Although the scale may not be uniform in thickness 
and may not dissolve or loosen uniformly, those spots of metal 
which may have been exposed where the scale first came off 
remain almost passive, so that when descaling is finally complete 
the metal surface has a uniform appearance, and but little metal 
will have been removed. Likewise, the usual bad effect of 
spots of dirt and grease produced by handling either before or 


after annealing is eliminated or minimised.—January 30th, 
1940. 
518.089. August 15th, 1938.—ImpRovEMENTS IN THE PrRo- 


DUCTION OF MALLEABLE Iron, Surface Combustion Corpora- 
tion, Toledo, Ohio, United States of America, British Fur- 
naces, Ltd., Derby Road, Chesterfield. 

According to, this invention the method for the production of 
aun improved malleable iron comprises the steps of surrounding 
the iron during heating up and for an additional period of time 
varying from one to ten hours during the first stage of annealing 
by an atmosphere of carburising gas and thereafter graphitising 
for completing the annealing in an atmosphere of decarburising 
gas. The same atmosphere is not used throughout the entire 
malieableising cycle, but it is varied in accordance with the 
requirements of the process. Thus, while the metal is coming 
to temperature, and for a short time during first stage anneal, 
what is called a “ carburising gas’’ which may consist of 
fuel gas or a mixture of flue gas and fuel gas, is used. Following 
this period what is termed a ‘‘ decarburising gas,’’ which may 
consist of flue gas or various mixtures of its components is used. 
The invention is based upon the discovery that the objectionable 
decarburisation of hard iron occurs during the heating-up 
period. It is believed to begin at a temperature much below 
the critical point of the metal, that is to say, at a temperature 
below approximately 1350 deg. Fah. It has been found that if 
the iron during this period be surrounded by an atmosphere 
having characteristics usually considered to be carburising, 


there will be no carburisation of the metal.—February 16th, 
1940. 

MISCELLANEOUS 
517,156. August 25th, 1938.—Pree Covupiinc Devices, 


James Hunter Lamont, Gylemuir Works, Corstorphine, 


Edinburgh 12, Scotland, and James H. Lamont and Co., 
Ltd., of the same address. 
As shown in the drawing, the end of the pipe A enters a bore 





in the junction piece B which has a countersunk tapered seating, 
to receive a metallic packing ring C which is externally tapered 
to fit the seating. ‘The packing ring is bored to fit closely upon 
the pipe. In order to force the packing ring between the pipe 
and the tapered seating, the junction piece is provided with an 
external screw-threaded portion upon which a coupling nut D is 
screwed. The back of the coupling nut is apertured to fit freely 
over the pipe and this aperture is tapered to form a truncated 
oonical face having its larger end inside the nut, where it forms 
a shoulder E. Between this shoulder and the packing ring 
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there is fitted upon the pipe a securing ring F. _In making the 
joint, the coupling nut is screwed upon the junction piece, 
causing the conical face in the nut to press against the end of the 
ring F, thereby causing the flange to press the packing ring 
firmly against the seating. Further tightening up of the nut 
causes its conical face to press the end of the ring F radially 
inwards into the wall of the pipe, so that the end of the ring is 
deformed and becomes interlocked with a circumferential 
indentation which it forms in the wall of the pipe.—-January 
22nd, 1940. 

517,418. May 28th, 1938.—Berarines, Lewis Mervyn Cecil 

Seamark, Pyne Cliff, Lyme Regis, Dorset. 

This specification relates to bearings and particularly to anti- 
friction thrust bearings. In carrying the invention into effect 
according to one construction, see upper view, the shaft A is 
mounted upon thrust blocks B and C on the upper and lower anti- 
friction bearings Dand E. The upper bearing D is mounted on 
the top recessed face of the thrust block B which is a sliding fit in 
the housing F and the lower bearing E is mounted on the top 
recessed face of the lower thrust block C formed as a ring mounted 
within the thrust block B. The thrust blocks are both i, rg 
on an annular base G consisting of a block of indiarubber or 
similar resilient substance seated within a recess formed by an 
inwardly extending flange at the lower end of the housing. 
Recesses may be cut on the top face of the resilient block at the 
positions of support of the thrust blocks. Thus the bearings 
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will support the total thrust or pressure transmitted through 
the shaft in the ratio of the cross-sectional areas of the surfaces 
supported upon the resilient base, and the latter serves for the 
accommodation of any slight variation in the relative position 
of the end faces of the respective thrust blocks. The lower view 
shows a similar construction in which three anti-friction bearings 
are separately supported on concentric annular thrust blocks H, 
J, K which are themselves supported on a common resilient 
base with a ring of leather or like material interposed between 
the respective thrust blocks and the top of the resilient base 
which is provided as a hollow elastic annular container formed 
of indiarubber or similar elastic substance and mounted within a 
cavity formed in the lower part of the housing. The container 
is filled with water or other liquid from the conduit L connected 


with an accumulator or other source of liquid pressure. 
January 30th, 1940. 
517,546. July 29th, 1938.—IMPeROVEMENTS IN LAMINATED 


Kirkstall Road, 
Park Crescent, 


Sprinas, Jonas Woodhead and Sons, Ltd., 
Leeds, and Thomas Henry Sanders, 16, 
Roundhay, Leeds. 

One of the problems of the laminated spring trade concerns 
the wear and noise at the ends of the spring plates. When a 
laminated spring is in service under a varying load relative 
movement over a small area takes place between the ends of 
each plate and the adjacent longer plate with the result that 
there is a tendency, owing to the localised wear, for the ends of 
the plate to dig into the surface of the adjacent plate and to 
develop objectionable squeaks. With the object of providing 
a contribution towards the solution of this problem the invention 
consists in forming the ends of the plates with integral emboss- 
ments to take the wear, and in locally heat-treating the wearing 
surface of the embossments to give them a structure different 
from that of the plates against which they take a bearing. The 
embossments may be of any desired shape in plan and are pre- 
ferably produced under heavy pressure between appropriately 
formed dies.—February Ist, 1940. 


517,784. 
ROLLER BEARINGS, 
Machine Company, 
London, 8.E.8. 

The object of the invention is to provide a mounting for a 
ball or roller bearing in cases where the bearings and shaft are 
not subjected to heavy stresses comparable with the size of 
the shaft. It is described by way of example with reference to 


August 4th, 1938.—THe Mountine or Batt anp 
Félix Frédéric Ruau, and Molins 
Ltd., 2, Evelyn Street, Deptford, 


the accompanying drawing, in which the outer race A is iad 
in the housing formed in the plummer block in the customary 
manner. The shaft B has a groove or recess formed in it in 
alignment with the inner race and of such nature that the 
bottom of the groove provides a flat C on which a curved 
member, shown in the drawing as a pin D, rests. It is essential 
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be as om ae 


:) 


that the distance between the chord formed by the flat and 
the bore of the inner race E is slightly greater than the diameter 
of the pin so that the pin has a little play in the space formed, 
and the ball race may be slid over shaft and pin in assembly. 
When the shaft is rotated the pin will roll a little and become 
wedged between the botton of the groove and the inner race, 
thus locking the race to the shaft and any tendency the inner 
race may have to rotate on the shaft will merely serve to lock it 
more tightly.— February 8th, 1940. 











Forthcoming Engagements 


Secretaries of Institutions, Societies, d&c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the TIME and 
PLACE at which the meeting is to be held should be clearly stated. 


Association of Ex-Siemens’ Men 
To-day, March 29th.—The Bedford Corner Hotel, Tottenham 
Court Load, London, W.1. Annual general meeting and 
smoking concert. 7.30 p.m. 


Institution of Automobile Engineers 

Tuesday, April 2nd.— Royal Society of Arts, John Street, 

Adelphi, W.C.2.  ‘“‘ Modern Applications of Cast Iron in 

Automobile Construction,”’ E. C. Toghill and R. V. Dowle. 
6.15 p.m. 

Tuesday, April 9th—-Luton Centre. George 

“The Use of Gas as a Fuel for Motor Vehicles, 


Hotel, Luton, 
“J. 8. Clarke. 


Institution of Chemical Engineers 
Friday, April 5th.—Hotel Victoria, Northumberland Avenue, 
W.C.2. Annual Corporate Meeting and President‘al Address. 
lla.m. Luncheon, 12.45 for 1 p.m. 


Institution of Civil Engineers 
T uesday, April 2nd.—Great George Street, Westminster, 8.W.1. 
‘The Engineer’s Part in the Promotion of Road Safety,”’ 
F. A. Rayfield. 5.30 p.m. 
Tuesday, April 23rd.—Great George Street, Westminster, 8.W.1. 
‘The Remodelling of the Assiut Barrage, Egypt,’’ J. E. 
Bostock. 5.30 p.m 


Institution of Engineers and Shipbuilders in Scotland 

Tuesday, April 9th.—39, Eimbank Crescent, Glasgow. ‘‘ Electro- 
lytic Action on Steel in Sea Water,’’ J. H. Paterson. 
6.30 p.m, 


Institution of Mechanical Engineers 
Friday, April 19th.—Storey’s Gate, Westminster, S.W.1. 
‘The Problems of the Singing Propeller,’’ W. Keer, J. F. 
Shannon, and R. N. Arnold. 6 p.m. 


Iron and Steel Institute 
Thursday, April 4th.— Royal Metal Exchange, Fisher Street, 
Swansea. ‘ The Influence of the Steel-Base Composition 
on the Rate of Formation of Hydrogen-Swells in Canned- 
Fruit Tinplate Containers, ” T. P. Hoar, T. N. Morris and 
W. B. Adam, and “ Practice in the Manufacture of Rimming 


Steel,’’? J. Mitchell. 6 p.m. 
Junior Institution of Engineers 
To-day, March 29th.—39, Victoria Street, S.W.1. ‘‘ Gas 
Producers as applied to Transport Purposes,’’ K. Lowe. 


6.30 p.m. 


North-East Coast Institution of Engineers and Shipbuilders 
To-day, March 29th.—Mining Institute, Newcastle-upon-Tyne. 
“ Air Conditioning of Passenger and Cargo Spaces,’’ W. H. 
Glass. 6 p.m. 
To- day, March 29th.—Mining Institute, Newcastle-upon-Tyne. 
* Air-Conditioning in Ships’ Passenger and Cargo Spaces,”’ 


W.H. Glass. 6 p.m. 
Railway Club 
Thursday, April 4th.—57, Fetter Lane, E.C.4. ‘“ Railway 
Amalgamation Prior to 1921,’’ K. Brown, 6.15 p.m. 


« Royal Aeronautical Society 
Friday, April 12th.—Institution of Electrical Engineers, Savoy 
Place, Victoria Embankment, W.C.2. “Flight Re- 
fuelling,’’ Sir Alan Cobham and M. Langley. 6.30 p.m. 





CONTRACTS AND ORDERS 


The Editor is always happy to print short announcements of 
contracts and orders in this column provided they are sent to him 
in time to have news value and that they are likely to interest readers. 





SuNBEAM COMMERCIAL VEHICLES Ltd. has received an order 
from the Tees-Side Railless Traction Board for a fleet of Sun- 





beam-BTH trolley buses. 





